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_N OVEL APOPTOSIS PROTEINS 

FIELD OF THE INVENTION 

The invention relates to novel methods and compositions of apoptosis proteins, collectively termed 
"Apop proteins", and nucleic acids encoding them. The invention further relates to methods of 
5 screening for bioactive agents that bind to and modulate Apop protein function for the diagnosis and 
treatment of disease. 

BACKGROUND OF THE INVENTION 

rS Apoptosis, or programmed cell death, is a highly ordered, genetically controlled process which piays a 
SI vital role in both healthy and disease states, including embryogenesis, tissue homeostasis and 
remodeling, cancer, autoimmune disorders, viral infections, and certain degenerative disorders. 

fj The death domain of TNF receptor-1 (TNFR1) triggers distinct signaling pathways leading to apoptosis 
3 and activation of the NF-kB transcription factor through its interaction with the C-terminal death 
Q domain of TRADD, a 34 kDa cytoplasmic protein [see Hsu et al. f Immunity 4:387-96 (1996)]. TRADD 
g interacts strongly with RIP (receptor-interacting protein; Stanger et al., Cell 81:513-23 (1995), a 74 
1S3 kDa serine-threonine kinase that with a C-terminal death domain involved in apoptosis; RIP also 
ff activates NF-kB. A second RIP protein, RIP2 or RICK [see McCarthy et al., J. Biol. Chem. 273:16968 

(1998) and Inohara et ai. f J. Biol. Chem. 273:12296 (1998)] also contains a death domain and 

activates NF-kB. 

A characteristic feature of apoptosis is activation of a cascade of cytoplasmic proteases that results in 
20 the cleavage of selected target proteins. ICE (interieukin 1 beta-converting enzyme) family proteases, 
also known as caspase proteases, initiate the active phase of apoptosis by degrading specific 
structural, regulatory, and DNA repair proteins within the target cell [Lazebnik et al M Nature 371:346-7 
(1994); Casciola-Rosen et al., J. Biol. Chem. 269:30757-60 (1994)]. For example, a RIP-ltke kinase, 
termed CARDIAK/RICK or RIP2 [see Thome et al., Current Biol. 8:885-88 (1998); McCarthy et al., J. 
25 Biol. Chem. 273:16968-75 (1998); Inohara et al., J. Biol. Chem. 273:12296-300 (1998)] has been 
shown to associate with caspase-1. These caspases are related to the C. elegans cell death gene 
product. Caspases are cysteine proteases that display aspartate specificity, and have been shown by 
a number of researchers to be crucial to apoptotic pathways. For a review, see Cryns et al., Genes & 
Development 12:1551-70 (1998). The natural substrates of the caspases are key regulatory and 
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structural proteins, including protein kinases and proteins involved in DNA repair and cytoskeletal 
integrity. 



There are a number of inhibitors of apoptosis (lAPs) that have been identified. Originally identified in 
baculoviruses, lAPs suppress the host cell death response, thereby allowing survival and propagation 
of the virus. To date, there are five human lAPs identified, which when expressed in human cells can 
inhibit apoptosis induced by a variety of stimuli. In addition, the lAPs have been shown to be fairly 
selective, with different pathways and/or enzymes being inhibited. Human XIAP, clAP1 and clAP2 are 
direct inhibitors of at least two caspase family members, caspase-3 and caspase-7. 



Accordingly, the proteins involved in apoptosis and its regulation are of paramount interest, and it is an 
object of the invention to provide novel apoptosis proteins, herein termed Apop proteins, and in 
particular Apopl , Apop2, and Apop3 proteins and related molecules. It is a further object of the 
invention to provide recombinant nucleic acids encoding Apop proteins, and expression vectors and 
host cells containing the nucleic acid encoding them. A further object of the invention is to provide 
methods for screening for antagonists and agonists of Apop proteins. 



SUMMARY OF THE INVENTION 



*Ac&w<(ing to the objects outlined above, the present invention provides recombinant nucleic acids 
encoding ApQD proteins, and in particular Apopl, Apop2 and Ao^p3 proteins, that are^r least about 
85% identical to tFfe^mino acid sequence depicted in Figured Figure 4, andj^igtfre 6, respectively. 
Similarly provided are recombinant nucleic acidsatj^asfabout 85^i€tentical to the nucleic acid 
sequence depicted in Figui^s^^^ complem^rt^TExpression vectors and host cells 

comprising the nucleic acids are also included, — s 0 ***^ 



In a further aspect, the invention provides methods of making Apop proteins, comprising providing a 
cell comprising an Apop protein encoding nucleic acid and subjecting the cell to conditions which allow 
the expression of Apop proteins. 




In an additidnal^spect, the invention provi des rec ombinant Apop proteins, that are at least about 85% 
entical to the aminolitad^quenc^tlepicted in Figurfes 2, 4, and 6, respectively, and antibodies that 
will bind to the Ap£p4-pfotelns, Ap£jp2^roteins and Apop3yproteins. 



In a further aspect, the invention provides monoclonal and polyclonal antibodies binding to the 
apoptosis proteins Apopl , Apop2, and Apop3. 
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In a further aspect, the present invention provides methods for screening for a bioactive agent capable 
of binding to an Apop protein. The method comprises combining a candidate bioactive agent and an 
Apop protein and determining the binding of the candidate agent to the Apop protein. 



In an additional aspect, the present invention provides methods for screening for agents capable of 
interfering with the binding of Apop3 and RIP. The methods comprise combining an Apop3 protein, a 
candidate bioactive agent and a RIP protein, and determining the binding of the Apop3 protein and the 
RIP protein. 



In an additional aspect, the present invention provides methods for screening for agents capable of 
interfering with the binding of Apopl and XIAP or Apop2 and XIAP. The methods comprise combining 
an Apopl protein or Apop2 protein, a candidate bioactive agent and an XIAP protein, and determining 
the binding of the Apopl protein and the XIAP protein or Apop2 protein and the XIAP protein. 



In an additional aspect, the invention provides methods for screening for an bioactive agent capable of 
modulating the activity of an Apop protein. The method comprises the steps of adding a candidate 
bioactive agent to a cell comprising a recombinant nucleic acid encoding an Apop protein and 
determining the effect of the candidate bioactive agent on apoptosis. 



In one aspSctra-metbod for screening for a bj99etWe agent comprises providing^ ceil that expresses 
n expression profile gene sele^SQ^pet^iSe^ro^ consisting of the expressi^ir'profile genes set forth 
in Figures 1 , 3, andJL. 




another ; 
expresses an i 
proteins having the aminojac 



e agentTEtWprises providing a cell that 
£ted from the group consisting of the expression profile 
fttua Eigures 2. 4 ^and 6. 




Ilfanother aspecVBT^inveotj^^ recombinant nucleic acids^encoding 

op proteins. The recombinanUjuete^ biochip, 
may be at least about 85%-identical to the nucleic acid sequence depicted in Figures 1 , 3, and 5 or 
their compiemg 

Other aspects of the invention will become apparent to the skilled artisan by the following description 
of the invention. 



BRIEF DESCRIPTION OF THE DRAWINGS 
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Figure 1 depft^^e-Qucleotide sequence of human Apopl. The putative translation start codon (ATG) 
and translation termination codon (TGA) are underlined. 



Figure 2 depicts the aminosafctd^sequence of human Apopl . 

Figure 3 depicts the nucleotide sequence of fitim^n Apop2. The putative translation start codon 
(ATG) and the translation ternriination codon ( TGA) are underlined . 



Figure 4 depicts the amino acki sequence of human Apop2. 



Figure 5 depicts the nucleotide sequence of human Apop3. 



Figure 6 depicts the amino acid sequence of human Apop3. 

Figure 7 depicts a schematic representation of Apop3 truncation mutants. The shaded area depicts 
the kinase homology domain. Apop3(K50D) has a K to D mutation at aijnino acid 50. V\fi\ wild-type 
Apop3, i.e., the full-length protein. 



Figure 8 depicts a Nummary of binding results of Apop3 to RIP in the yeast two hybrid system. ++++, 
very strong interaction; +++, strong interaction; +, detectable interaction; - t no detectable interaction. 

Figure 9 depicts the activation of apoptosis by Apop3 in Phoenix-A cells. Empty vector (Vector), 
Apop3, or Apop3 (1-436) (3 |jg) was co-transfected with pGDB (1 iig) into Phoenix-A cells. Hoechst 
stained apjbptotic Phoenix-A cells were examined and counted by fluorescence microscopy. The data 
are expressed as percentage of apoptotic cells among the total himiber of cells counted. 

Figure 10 depicts the activation of NFkB by Apop3 in Phoenix-A cells. NFkB reporter activity was 
performed by transiently co-transfecting Phoenix-A cells with frje'mdicated Apop3 expression vectors 
(3 pg), NFKB-b^pendent luciferase reporter plasmjd(l4jg)rand Renilla Luciferase expression vector 
(0.13 pg). CalciumjtfiQsphate precipitation mgSKtffwas used for transfection. The level of expressed 
tagged proteins was also moriifored^3A^stem blot analysis. 



DETAILED DESCRIPTION OF THE INVENTION 



The present invention provides novel apoptosis proteins and nucleic acids which were initially 
identified using a yeast two-hybrid screening method. Traditionally, protein-protein interactions were 
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evaiuatecl using biochemical techniques, including chemical cross-linking, co-immunoprecipitation and 
co-fractionation and -purification. Recently genetic systems, including the "yeast two-hybrid system" 
have been described to detect protein-protein interactions. The basic system requires a protein- 
protein interaction between a "bait protein" and a "test protein" in order to turn on transcription of a 
reporter gene. See Fields et ah, Nature 340:245 (1989); Vasavada et aL, Proc. Natl. Acad. Sci. U.S.A. 
88:10686 (1991); Fearon et al., Proc. Natl. Acad. Sci. U.S.A. 89:7958 (1992); Dang et ai., Mol. Ceil. 
Biol. 11:954 (1991); Chien etaL, Proc. Natl. Acad. Sci. U.S.A., 88:9578(1991); U.S. Patent Nos. 
5,283,173, 5,667,973, 5,468,614, 5,525,490, and 5,637,463; and U.S. patent application S.N. 
09/050,863. In particular Apopl and Apop2 were identified using XIAP as the "bait protein". Apop3 
was identified using RIP as the "bait protein". 



^hus,TR&-pcesent invention provides novel apoptosis proteins > 4eTfned Apoproteins and nucleic acids 
encoding thenrttol^ss otherwise explicitly stated hereiprthe terms "Apop", "Apo^'protein" or 

rammatical equivalentsth^reof include Apopl proteins, Apop2 proteins, and Apop3 proteins, the wild- 
type amino acid sequences S ^totiich are depjpt^din Figure 2, Figure 4, and Figure 6, respectively. 
Similarly, the terms "Apop nucleic acfc}><^pop DNA", "Apop nucleotide sequenc£>dr grammatical 
equivalents thereof include nucl^kfacids whicfPteneode Apopl prot6ms7^Cpop2 proteins and Apop3 
proteins, the wild-type njiet^tc acid sequences of which are depicted in Figure 1, Figure 3, and Figure 
5 respectively^^^^ 



In a preferred embodiment, the Apop proteins are from vertebrates and more preferably from 
mammals, including rodents (rats, mice, hamsters, guinea pigs, etc.), primates, farm animals 
(including sheep, goats, pigs, cows, horses, etc) and in the most preferred embodiment, from humans. 
However, using the techniques outlined below, Apop proteins from other organisms may also be 
obtained. 



*Ar\ Apop protein ofTFfe^pregent invention may bekjentified in several ways. "Protein" in this sense 
includes proteins, polypeptides/^rid-peggriegrAn Apop nucleic acid or Apop protein is initially 
dentified by substantial nucleic^Gtcfand/or anwitracid^equence homology to the sequences shown 
in Figures 1, 2, 3, 4, j^antfe. Such homology can be based uporriRe~ovefaH-nucieic acid or amino 
acid sec 



^su§ed4\erein, a protein is an "Apop protein" if theoyeralThomology of the protein sequence to the 
amino acid sequences^hown in Figures^>4r^nd 6 is preferably greater than about 75%, more 
preferably greater thanabfiu£§&^^ 85% and most preferably 

greater than a0%r"fnsome embodiments the homology will be as high as about 93 to 95 or 98%. 
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Homology in this context means sequence similarity or identity, with identity being preferred. This 
homology will be determined using standard techniques known in the art, including, but not limited to, 
the local homology algorithm of Smith & Waterman, Adv. Appl. Math. 2:482 (1981 ), by the homology 
alignment algorithm of Needleman & Wunsch, J. Mol. Biol. 48:443 (1970), by the search for similarity 
method of Pearson & Lipman, Proc Natl. Acad. Sci. U.S.A. 85:2444 (1988), by computerized 
implementations of these algorithms (GAP, BESTFIT, FASTA, and TFASTA in the Wisconsin Genetics 
Software Package, Genetics Computer Group, 575 Science Drive, Madison, Wl), or the Best Fit 
sequence program described by Devereux et aL, Nucl. Acid Res. 12:387-95 (1984), preferably using 
the default settings, or by inspection. 

In a preferred embodiment, similarity is calculated by FastDB based upon the following parameters: 
mismatch penalty of 1.0; gap size penalty of 0.33, joining penalty of 30.0 ("Current methods in 
Comparison and Analysis", Macromolecule Sequencing and Synthesis, selected methods and 
Applications, pp. 127-149 (1998), Alan R. Liss, Inc.). Another example of a useful algorithm is PILEUP. 
PILEUP creates a multiple sequence alignment from a group of related sequences using progressive, 
pairwise alignments. It can also plot a tree showing the clustering relationships used to create the 
alignment. PILEUP uses a simplification of the progressive alignment method of Feng and Doolittle, J. 
Mol. EvoL 35:351-60 (1987); the method is similar to that described by Higgins and Sharp CABIOS 
5:151-3 (1989). Useful PILEUP parameters including a default gap weight of 3.00, a default gap 
length weight of 0.10, and weighted end gaps. 

An additional example of a useful algorithm is the BLAST algorithm, described in Altschul et al., J. Mol. 
Biol. 215: 403-410 (1990) and Karlin et aL, Proc. Natl. Acad. Sci. U.S.A. 90:5873-87 (1993). A 
particularly useful BLAST program is the WU-BLAST-2 program which was obtained from Altschul et 
al., Methods in Enzymology 266:460-480 (1996); http://blast.wustl/edu/blast/ README.html]. WU- 
BLAST-2 uses several search parameters, most of which are set to the default values. The adjustable 
parameters are set with the following values: overlap span =1, overlap fraction = 0.125, word threshold 
(T) = 1 1. The HSP S and HSP S2 parameters are dynamic values and are established by the 
program itself depending upon the composition of the particular sequence and composition of the 
particular database against which the sequence of interest is being searched; however, the values 
may be adjusted to increase sensitivity. A % amino acid sequence identity value is determined by the 
number of matching identical residues divided by the total number of residues of the "longer" 
sequence in the aligned region. The "longer sequence is the one having the most actual residues in 
the aligned region (gaps introduced by WU-Blast-2 to maximize the alignment score are ignored). 
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In a similahftjanner, "percent (%) nucleic acid sequence identity" with resgect-te-the^oding sequence 
of the polypeptideSSd^ntified herein is defined as the percentag^jof^ujcleotide residues\in a candidate 
sequence that are identicalwRfrtheaiucle^ residuesjfHJie coding sequence of the Apop proteins 
(see Figures 1. 3, and 5). A preferred meth QSfetiflzgs the BLASTN module of WU-BtAST-2 set to the 
default parameters, with overlap span and overlap fractionseftcH-aiKl_QJ2 



An additional useful algorithm is gapped BLAST as reported by Altschul et aL, Nuci. Acid Res. 
25:3389-3402 (1997). Gapped BLAST uses BLOSUM-62 substitution scores; threshold T parameter 
set to 9; the two-hit method to trigger ungapped extensions; charges gap lengths of k a cost of 10+/c, 
X u set to 1 6, and X g set to 40 for database search stage and to 67 for the output stage of the 
algorithms. Gapped alignments are triggered by a score corresponding to -22 bits. 




20 



25 



pie alignmentlrci^y include the introduction of gaps in theseguencgsto be aligned. In addition, for 
sequences which coht^in either more or fewer aminp^cids than the proteifrs^quences shown in 

igures 2, 4, and 6 it is unctei^tood that the percentage of homology will be detehriined based on the 
number of homologous amino acid^ifK^^idn^tothe total number of amino^aci^s. Thus, for example, 
homology of sequences shorter thai>*hat showfTtrrFtgures 2, 4, aod-6ras discussed below, will be 
determined using the nurpberofamino acids in the shorter sequence. 



In a preferred embodiment, the Apop protein binds to an IAP protein. Inhibitor-of-apoptosis (IAP) 
proteins are a novel family of anti-apoptotic proteins that were first identified in baculoviruses. 
Members of the human IAP family include, e.g., NAIP, HIAP-1 (human inhibitor of apoptosis protein-1) ( 
HIAP-2 (human inhibitor of apoptosis protein-2), c-IAP-1 , c-IAP-2, and XIAP. They are thought to 
inhibit cell death via direct inhibition of caspases. Indeed, some IAP family proteins, e.g., c-IAP-1, c- 
IAP-2 and XIAP can bind to and inhibit the distal cell death proteases, caspases-3 and -7 (Roy et al., 
EMBO J., 16:6914-25 (1997); Takahashi et al., J. Biol. Chem. 273:7787-90 (1998)). Although lAPs 
are highly conserved through evolution, the mechanisms by which they interfere with the apoptotic cell 
death are not clear. There may be a number of unknown protein substrates for lAPs and agonistic or 
antagonistic proteins modulating the activity of lAPs. 



In order to identify novel proteins interacting with lAPs, in particular with XIAP, we employed the yeast 
two-hybrid screening system. Using XIAP as the "bait protein" we identified two novel proteins 
interacting with XIAP, named Apopl and Apop2. 




In a^preferred enfl 
depicted in Figure 1 and 




is an Apopl protein. The nucleotide sequence of Apopl 
rot ein inJ Eigufe-^A significant portion of the Apopl nucleic 
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acid and the encoif^d Apopl protein has identity to human cathepsin B precursor protein and the 
corresponding DNA [Ritoqja et al., FEBS Lett. 181:169-172 (198§}^Ctefl-etal^ Natl. Acad. ScL 
U.S.A. 83:7721-7725 (1986)>©qc(et a!., Proc Natl. Ac^£cL U.S.A. 83:2909-2913^9^6); Moin et 
al., Biochem. J. 285:427-434 (1992)^SaQet al., Gepfe 139:163-169 (1994)]. Cathepsin B isha 
lysosomal thiol proteinase that may have additi&nol^xtralysosomal functions. In particular, \ 
nucleotides 364 to 716 of the Apopl nucleotidysequence^fepicted in Figure 1 have >99% (352/353 
nucleotide residues) identity to human cathepsin B (CTSB) mRNA (GeriBank^ccession^ 
NM_001908 and M14221). Likewise, on we amino acid level, the Apopl amino acid sequence 
depicted in Figure 2, shows 100% (109^109 amino acid residues) identity to human cathepsin B 
precursor protein (GenBank accession number P07858) and >99% (108/109 amino acid residues) 
identity to human cathepsin B preeJursor protein (GenBank accession number NP_001899). However, 
the remainder of the Apopl prafein and nucleic acid do not exhibit any homology to the known 
sequences. Thus the Apo^r nucleic acid sequence of the present invention may represent an 
alternatively spliced catt*€psin B mRNA transcript and the encoded protein may have other biological 
activities whencomp^red to cathepsin B. 

On the nucleic acid level, there are a number of reported sequences including EST99543 and 
EST41374 that have homology to Apopl. 



In a preferfedembodiment, the Apop protein is an Apop2 protein. The nucleotide sequence of Apop2 
is depicted in FigfcKe 3 and the encoded protein in Figure 4. Apop2 nucleic acid and the encoded 
Apop2 protein have iofentity to human cathepsin F precursor proteip^artaTRS^q-esponding DNA 
[Wang et al., J. Biol. Cher\273: 32000-8 (1998); Nagier et al.^Biochem. Biophys/ftes. Commun. 

7:313-8 (1999); Santamari^t al., J. Biol. Chem. 274:138(K>-9 (1999); Wex et al., Biochem. 
Biophys. Res. Commun. 259:40 vX/1 999); GenBank accession numbers AF071 748, NM_0Q3793, 
AF088886, AJ007331, and AF132894j\Cathepsin F/ts a novel papain-like cysteine proteinase 
synthesized as a precursor protein, includihga hydrophobic signal sequence, a pro-domain, andva 
catalytic region [Santamaria et al., J. Biol. Chdmx274: 13800-9 (1999)]. Surprisingly, Apop2 has strong 
homology to several other cathepsins. Rfdtein sequence comparison revealed 58% homology witr 
cathepsin W; about 42-43% with c^tKepsin L, K, S, H, antf^Q: and 38% with cathepsin B [Wang^t al., 
J. Biol. Chem. 273:32000-8 X*398)]. The identification of Apopzfs^thepsin F) by binding to XiAP, 
repre§efrts*e-fifsMirne that a protein containing cathepsin homology hsfe^eao_showo^ a role in 
poptofets. 



On the nucleic acid level, there are a number of reported EST sequences that comprise portions of the 
Apop2 nucleic acid. These include EST43911/AA38898, yp01g08.r1/H39591, and EST91038/ 
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AA378321. In addition, there are several areas of homology to known cDNAs, including: 88% identity 
to a mouse mammary gland cDNA; (AA475592), 95% identity to a human cDNA clone (H 15748), and 
a 88% identity to a mouse mammary gland cDNA (AA958896). 




In^f^eferred embodiment, the Apop protein is an Apop3 protein. Using RIP a^iheJlbait protein" in a 
yeast two^hj(brid screening, Apop3 was identified. The nucleotide sequenc^of Apop3 is^ctewcted in 
Figure 5 and th&^ncoded protein in Figure 6. The human Apop3 appears to be expressed in heart, 
liver, pancreas, placenta and lung, but either weakly or not at all in brain. Apop3 has also been termed 
RIP3" [see Yu et aL, CurfentBiology 9:539-42 (1999); Sun et al. f JyBiol. Chem. 274:16871-5 (19990]. 
The N-terminal portion of Apop^ s k5 s P art ' cu * ar arnino acid residues/1-274, has homology to the kinase 
domain of RIP (34% identity and 60% similarity) and RIP2 (31 ^identity and 58% similarity) [see Surf 
et a!., J. Biol. Chem. 274:16871-5 (1999)]. Howfevec^the C^terminal portion of Apop3 has no / 
significant homology to any known proteins. AcxordinaJyrApQ£3j proteins may be identified in one^ 
aspect by significant homology to areas other tharvtfie kinase domairTThfsJig mology isj argfefably 
greater than about 60%, with greater than ahetm 70 or 75% being particularly preferred and greater 
than about 80% being especially prefepp^d. In some cases the homology will be greater than about 90 
95oj98$5r 



In addition, an Apop3 protein preferably also has significant homology to the kinase domain as 
described herein. This homology is preferably greater than about 75%, with greater than about 80% 
being particularly preferred and greater than about 85% being especially preferred. In some cases the 
homology will be greater than about 90 to 95 or 98%. 



Apop ffc^teins of the present invention may be shorter or lonoer than the amino acid sequences shown 
in Figures^>A and 6. Thus, in a preferred embodiment, im^uded within the definitjonof Apop proteins 
are portions or frctgoQents of the sequences depicted herem. Portions or fragments of Apop proteins 
are considered Apop protefrre4£^they share at least one antigernc^pttope; or b) have at least the 
indicated homology; or c) preferably have~Apo p b i ojflg teat-aStivity, e.g., including, but not limited to 
kinase activity, cell death activity, binding to Xl^Por RIP, etc. 



Well-known methods, such as in vitro manipulations of nucleic acids or PCR (polymerase chain 
reaction) are known in the art and are routinely used to generate portions or fragments of a desired 
nucleic acid sequence which then encodes a portion or a fragment of the desired protein. Generally, 
such portions of an Apop protein comprise at least 10%, preferably at least 20%, more preferably at 
least 25%, even more preferably at least 30% and most preferably at least 50% of the Apop protein. 
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ln some embodiments, a portion or fragment of an Apop protein will comprise as much as 60 to 90 or 
95% of the respective Apop protein. 



In one embodiment, the portion or fragment of the respective Apop protein is contiguous to the Apop 
protein from which it is obtained. In another embodiment the portion or fragment of the respective 
Apop protein is not contiguous to the Apop protein from which it is derived. In this embodiment, two or 
more parts of the Apop protein, for example, a fragment obtained from the N-terminus and a fragment 
obtained from the C-terminus are linked, whereby internal sequences are deleted. 



In a preferred embodiment, the Apop proteins are derivative or variant Apop proteins. That is, as 
outlined more fully below, the derivative Apop peptide will contain at least one amino acid substitution, 
deletion or insertion, with amino acid substitutions being particularly preferred. The amino acid 
substitution, insertion or deletion may occur at any residue within the Apop peptide. 



In addition>as is more fully outlined below, Apop protejnscan be madp'fhat are longer than those 
depicted in Figbi^s 2, 4, and 6, for example, b^th€addition of^ptfope or purification tags, the addition 
of other fusii 




Apojp proteins rfta^also be identified as being enq 
are encoded by nucleic^sidsjhat will hybrid 




nucietc acids. Thus, Apop proteins 
£nce depicted in Figures 1, 3, and 5 or its 



complement, as outlined herein. 



In one preferred embodiment, the Apop proteins of the present invention may be used to generate 
polyclonal and monoclonal antibodies to Apop proteins, which are useful as described herein. The 

terms "Apop antibodies", "antibodies binding to Apop" or grammatical equivalents thereof include 

^-^^ 

antibodies binding to Apopl proteins, Apop2 proteins, andTVpopS proteins. 



^pop^nti^odies usually are generated with an Apop protein having the^fmino acid sequenfcedepicted 
in Figures 2, 4^Ad 6. In a preferred embodiment, Apop proteins cpfresponding to a portion or\ 
fragment of an Apopj!)ffQtein of which the amino acid sequencers depicted in Figures 2, 4, and 6, are 

d to generate antibodiesNsMethods for the preparation apra purification of monoclonal and 
polyclonal antibodies are known irrth^art and e.g., are^rescribed in Harlow and Lane, Antibodies: A 
Laboratory Manual (New York: Cold Spring>Hac^ar1^aboratory Press, 1988). When the Apop protein 
is used to generate antibodies^hg^pep*protein musfShac^at least one epitope or determinant with 



the full length protein shown in Figures 2, 4, and 6. By "epitope" or 
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portion of a protein which will geqerate axyXfov bind an antibody/Thus, in most instances, antibodies 
made to a smaller Apop3 protein wilfWa^^ protein. 

In a preferred embodiment, the epitope is unique; that is, antibodies generated to a unique epitope 
show little or no cross-reactivity to other proteins. The term "antibody'' includes antibody fragments, as 
are known in the art, including Fab Fab 2 , single chain antibodies (Fv for example), chimeric antibodies, 
etc., either produced by the modification of whole antibodies or those synthesized de novo using 
recombinant DNA technologies. The term "antibody" further comprises polyclonal antibodies and 
monoclonal antibodies, which can be agonist or antagonist antibodies. 



The Apop antibodies of the invention specifically bind to Apop proteins. By "specifically bind" herein is 
meant that the antibodies bind to the protein with a binding constant in the range of at least 10^- 10 -6 
M"\ with a preferred range being 10 7 - 10~ 9 M 1 . 

fin a preferr^embodiment, an Apop protein of the presenUfwention may be idehtified by its 
immunological afetivity., i.e., its ability to bind to an antibody specific for an epitope foiind within a 
protein comprising thfe^mino acid sequence depicted Figures, 2, 4, and 6. The term "immunological 
activity" means the ability mjhe protein to cross reaof with an antibody which is specific for the protein 
comprising the amino acid sequerfce^epicted ljj>Pigures 2 t 4, and 6, i.e., an Apop protein antibody. 
Accordingly, a protein is an Apogjjrpte^ displays the immunological activity of a protein 

comprising the^rmrKTScidsequence depicted in Figure§*27-4^nd& 

In a preferred embodiment, Apop antibodies are provided. The antibodies may be polyclonal or 
monoclonal. In a preferred embodiment, the antibodies to Apop are capable of reducing or eliminating 
the biological function of Apop, as is described below. That is, the addition of anti-Apop antibodies 
(either polyclonal or preferably monoclonal) to Apop (or cells containing Apop) may reduce or 
eliminate the Apop activity. Generally, at least a 25% decrease in activity is preferred, with at least 
about 50% being particularly preferred and about a 95-100% decrease being especially preferred. 



Monoclonal antibodies are directed against a single antigenic site or a single determinant on an 
antigen. Thus monoclonal antibodies, in contrast to polyclonal antibodies, which are directed against 
multiple different epitopes, are very specific. Monoclonal antibodies are usually obtained from the 
supernatant of hybridoma culture (see Kohler and Milstein, Nature 256:495-7 (1975); Harlow and 
Lane, Antibodies: A Laboratory Manual (New York: Cold Spring Harbor Laboratory Press, 1988). 
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In a preferred embodiment, the antibodies to Apop proteins are humanized. Using current monoclonal 
antibody technology one can produce a humanized antibody to virtually any target antigen that can be 
identified [Stein, Trends Biotechnol. 15:88-90 (1997)]. Humanized forms of non-human (e.g., murine) 
antibodies are chimeric molecules of immunoglobulins, immunoglobulin chains or fragments thereof 
5 (such as Fv, Fab, Fab', F(ab') 2 or other antigen-binding subsequences of antibodies) which contain 
minimal sequence derived from non-human immunoglobulin. Humanized antibodies include human 
immunoglobulins (recipient antibody) in which residues form a complementary determining region 
(CDR) of the recipient are replaced by residues from a CDR of a non-human species (donor antibody) 
such as mouse, rat or rabbit having the desired specificity, affinity and capacity. In some instances, 
10 Fv framework residues of the human immunoglobulin are replaced by corresponding non-human 

residues. Humanized antibodies may also comprise residues which are found neither in the recipient 
q antibody nor in the imported CDR or framework sequences, in genera!, the humanized antibody will 
jy comprise substantially all of at least one, and typically two, variable domains, in which all or 
m substantially ail of the CDR regions correspond to those of a non-human immunoglobulin and all or 
QlS substantially all of the FR regions are those of a human immunoglobulin consensus sequence. The 
J humanized antibody optimally also will comprise at least a portion of an immunoglobulin constant 
H= region (Fc), typically that of a human immunoglobulin [Jones et al., Nature 321:522-525 (1986); 
]L Riechmann et al., Nature 332:323-329 (1988); and Presta, Curr. Op. Struct. Biol. 2:593-596 (1992)]. 

^ Methods for humanizing non-human antibodies are well known in the art. Generally, a humanized 

pQ antibody has one or more amino acid residues introduced into it from a source which is non-human. 
These non-human amino acid residues are often referred to as import residues, which are typically 
taken from an import variable domain. Humanization can be essentially performed following the 
method of Winter and co-workers [Jones et al., supra; Riechmann et al., supra; and Verhoeyen et al. t 
Science, 239:1534-1536 (1988)], by substituting rodent CDRs or CDR sequences for the 

25 corresponding sequences of a human antibody. Additional examples of humanized murine 

monoclonal antibodies are also known in the art, e.g., antibodies binding human protein C [O'Connor 
et al., Protein Eng. 11:321-8 (1998)], interleukin 2 receptor [Queen etal., Proc. Natl. Acad. Sci., U.S.A. 
86:10029-33 (1989]), and human epidermal growth factor receptor 2 [Carter et al., Proc. Natl. Acad. 
Sci. U.S.A. 89:4285-9 (1992)]. Accordingly, such humanized antibodies are chimeric antibodies (U.S. 

30 Patent No. 4,816,567), wherein substantially less than an intact human variable domain has been 
substituted by the corresponding sequence from a non-human species. In practice, humanized 
antibodies are typically human antibodies in which some CDR residues and possibly some FR 
residues are substituted by residues from analogous sites in rodent antibodies. 
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Human antibodies can also be produced using various techniques known in the art, including phage 
display libraries [Hoogenboom and Winter, J. Mol. Biol. 227:381 (1991); Marks et al., J. Mol. Biol. 
222:581 (1991)]. The techniques of Cole et al. and Boerner et al. are also available for the preparation 
of human monoclonal antibodies (Cole et al., Monoclonal Antibodies and Cancer Therapy, Alan R. 
Liss, p. 77 (1985) and Boerner et al., J. Immunol. 147(1):86-95 (1991)]. Similarly, human antibodies 
can be made by introducing of human immunoglobulin loci into transgenic animals, e.g., mice in which 
the endogenous immunoglobulin genes have been partially or completely inactivated. Upon 
challenge, human antibody production is observed, which closely resembles that seen in humans in all 
respects, including gene rearrangement, assembly, and antibody repertoire. This approach is 
described, for example, in U.S. Patent Nos. 5,545,807; 5,545,806; 5,569,825; 5,625,126; 5,633,425; 
5,661,016, and in the following scientific publications: Marks et al., Bio/Technology 10:779-783 
(1992); Lonberg etal. Nature 368:856-859 (1994); Morrison, Nature 368:812-13 (1994); Fishwild et 
al., Nature Biotechnology 14:845-51 (1996); Neuberger, Nature Biotechnology 14:826 (1996); Lonberg 
and Huszar, Intern. Rev. Immunol. 13:65-93 (1995). 



In a preferreb^mbodiment, Apop nucleic acids are provided. An Apop-qucleic acid of the present 
invention may bektentified by its sequence identity to the nucleotide sequence depicted in Figures 1, 
3, or 5 and may be referred to as having some "percent (%) sec uence identify to all or a portion of the 
cleotide sequence dented in Figures 1, 3, or 5. Sequence identity, when referring to nucleic acid, 
means that the sequencesN^eing compared have nucleotides at corresponding positions which are 
identical. The sequence identity of an Apop nucleic acid is comn ensurate with the sequence identity 
of Apop proteins but takes into account the degeneracy in the ge letic code and cadon bias of different 
organisms. Accordingly, the sequence identity for Apop nucleic acids may differ from the sequence 
identity for Apop proteins. Thus, theWicleic acid sequence homology may be either lower or higher 
than that of the protein sequence* v Thu^ N the homology of the nucleic acid seqjjence as compared to 
the nucleic acid sequences of FigufebJ^^ greater thap / 75%, more preferably 

greater than about 80%, particularly greater tn&jv about 85% and mostpfreferably greater than 90%. In 
some embodiments-ttjeji^ologyw^ as high a^a^ out 93 to jj&vr 98%. 



In a preferred embodiment, an Apop nucleic acid encodes an Apop protein. As will be appreciated by 
those in the art, due to the degeneracy of the genetic code, an extremely large number of nucleic 
acids may be made, all of which encode the Apop proteins of the present invention. Thus, having 
identified a particular amino acid sequence, those skilled in the art could make any number of different 
nucleic acids, by simply modifying the sequence of one or more codons in a way which does not 
change the amino acid sequence of the Apop. 
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In one i^mjgodiment, the nucleic acid homology is determined through hybridization studies. Thus, for 
example, nucfeic acids which hybridize under high stringencyioThTntrcJeic acid sequences shown in 
Figures 1, 3, and 5Sqr their complements are considered ac\ Apop gene. Hfeh stringency conditions 
known in the art; see for example Sambrook et al/Molecular Cloning: A Laboratory Manual (New 
ork: Cold Spring Harbor Laboratory Press, 1989) afid Ausubel et a!., Short Protbcols in Molecular 
Biology (John Wiley & Sons, Ihc., 1995), both of which are hereby incorporated by Reference. 
Stringent conditions are sequend^-dependent add will be different in different circumstances. Longer 
sequences hybridize specifically at higher temperatures. An extensive guide to the hybridization of 
nucleic acids is found in Tijssen, Tecffmquesfm Biochemistry and Molecular Biology: Hybridization with 
Nucleic Acid Probes, "Overview of princW* of hybridization and the strategy of nucleic! acid assays" 
(1993). Generally, stringent conditions ar^selected to be about 5-1 0°C lower than the thermal melting 
P oi nt (T m ) for the specific sequence at a defined ionic strength pH. The T m is the temperature (under 
defined ionic strength, pH and nucleic ac/id concentration) at which 50% of the probes complementary 
to the target hybridize to the target sea&ence at equilibrium (as the target sequences ire present in 
excess, at T m , 50% of the probes are/faccupied at equilibrium). Stringent conditions Will be those in 
which the salt concentration isl^^ihan about 1.0 sodiurnfqn, typically about 0.01 io 1.0 M sodium ion 
concentration (ot>oV^eFs^)at pH 7.0 to 8.3 and the temperatite is at least about 30°C for short 
probes (e.g. 10 {to 50 nucleotides) and at least about 60°C for long prbbes_(e^jf greater than 50 
nucleotides). Stringent conditions may also be achieved with the addition of destabilizing agents such 
as formamjcle 

In another embodiment, less stringent hybridization conditions are used; for example, moderate or low 
stringency conditions may be used, as are known in the art; see Sambrook etal., supra, Ausubel et 
al., supra, and Tijssen, supra. 

The Apop proteins and nucleic acids of the present invention are preferably recombinant As used 
herein, and defined below, "nucleic acid" may refer to either DNA or RNA, or molecules which contain 
both deoxy- and ribonucleotides. The nucleic acids include genomic DNA, cDNA and oligonucleotides 
including sense and anti-sense nucleic acids. Such nucleic acids may also contain modifications in 
the ribose-phosphate backbone to increase stability and half life of such molecules in physiological 
environments. 

The nucleic acid may be double stranded, single stranded, or contain portions of both double stranded 
or single stranded sequence. As will be appreciated by those in the art, the depiction of a single 
strand ("Watson") also defines the sequence of the other strand ("Crick"); thus the sequences depicted 
in Figures 1 , 3 t and 5 also include the complement of these sequences. By the term "recombinant 
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nucleic acid" herein is meant nucleic acid, originally formed in vitro, in general, by the manipulation of 
nucleic acid by endonucleases, in a form not normally found in nature. Thus an isolated Apop nucleic 
acid, in a linear form, or an expression vector formed in vitro by ligating DNA molecules that are not 
normally joined, are both considered recombinant for the purposes of this invention. It is understood 
5 that once a recombinant nucleic acid is made and reintroduced into a host cell or organism, it will 

replicate non-recombinantly, i.e. using the in vivo cellular machinery of the host cell rather than in vitro 
manipulations; however, such nucleic acids, once produced recombinantly, although subsequently 
replicated non-recombinantly, are still considered recombinant for the purposes of the invention. 

Similarly, a "recombinant protein" is a protein made using recombinant techniques, i.e. through the 
10 expression of a recombinant nucleic acid as depicted above. A recombinant protein is distinguished 
Q from naturally occurring protein by at least one or more characteristics. For example, the protein may 

fi be isolated or purified away from some or all of the proteins and compounds with which it is normally 

m associated in its wild type host, and thus may be substantially pure. For example, an isolated protein 

TU is unaccompanied by at least some of the material with which it is normally associated in its natural 

~q1 5 state, preferably constituting at least about 0.5%, more preferably at least about 5% by weight of the 

total protein in a given sample. A substantially pure protein comprises at least about 75% by weight of 
L, the total protein, with at least about 80% being preferred, and at least about 90% being particularly 

yff preferred. The definition includes the production of an Apop protein from one organism in a different 

y organism or host cell. Alternatively, the protein may be made at a significantly higher concentration 

q20 than is normally seen, through the use of a inducible promoter or high expression promoter, such that 

the protein is made at increased concentration levels. Alternatively, the protein may be in a form not 

normally found in nature, as in the addition of an epitope tag or amino acid substitutions, insertions 

and deletions, as discussed below. 

Also included within the definition of Apop proteins of the present invention are amino acid sequence 
25 variants. These variants fail into one or more of three classes: substitutional, insertional or deletional 
variants. These variants ordinarily are prepared by site specific mutagenesis of nucleotides in the 
DNA encoding the Apop protein, using cassette or PCR mutagenesis or other techniques well known 
in the art, to produce DNA encoding the variant, and thereafter expressing the recombinant DNA in 
cell culture as outlined above. However, variant Apop protein fragments having up to about 100-150 
30 residues may be prepared by in vitro synthesis using established techniques. Amino acid sequence 
variants are characterized by the predetermined nature of the variation, a feature that sets them apart 
from naturally occurring allelic or interspecies variation of the Apop protein amino acid sequence. The 
variants typically exhibit the same qualitative biological activity as the naturally occurring analogue. 
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although variants can also be selected which have modified characteristics as will be more fully 
outlined below. 

While the site or region for introducing an amino acid sequence variation is predetermined, the 
mutation per se need not be predetermined. For example, in order to optimize the performance of a 
5 mutation at a given site, random mutagenesis may be conducted at the target codon or region and the 
expressed Apop variants screened for the optimal combination of desired activity. Techniques for 
making substitution mutations at predetermined sites in DNA having a known sequence are well 
known, for example, M13 primer mutagenesis and PCR mutagenesis. Screening of the mutants is 
done using assays of Apop protein activities. 

M> Amino acid substitutions are typically of single residues; insertions usually will be on the order of from 
j=j about 1 to 20 amino acids, although considerably larger insertions may be tolerated. Deletions range 
oi from about 1 to about 20 residues, although in some cases deletions may be much larger. 

J~h Substitutions, deletions, insertions or any combination thereof may be used to arrive at a final 

H derivative. Generally these changes are done on a few amino acids to minimize the alteration of the 

JL5 molecule. However, larger changes may be tolerated in certain circumstances. When small 

Ul alterations in the characteristics of the Apop protein are desired, substitutions are generally made in 





accordance with the following chart: 








Chart I 




Oriainal Residue 


Exemplary Substitutions 


20 


Ala 


Ser 




Arg 


Lys 




Asn 


Gin, His 




Asp 


Glu 




Cys 


Ser 


25 


Gin 


Asn 




Glu 


Asp 




Gly 


Pro 




His 


Asn, Gin 




lie 


Leu, Val 


30 


Leu 


lie, Val 




Lys 


Arg, Gin, Glu 




Met 


Leu, He 




Phe 


Met, Leu, Tyr 




Ser 


Thr 


35 


Thr 


Ser 




Trp 


Tyr 




Tyr 


Trp, Phe 




Val 


He, Leu 
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Substantial changes in function or immunological identity are made by selecting substitutions that are 
less conservative than those shown in Chart I. For example, substitutions may be made which more 
significantly affect: the structure of the polypeptide backbone in the area of the alteration, for example 
the alpha-helical or beta-sheet structure; the charge or hydrophobicity of the molecule at the target 
5 site; or the bulk of the side chain. The substitutions which in general are expected to produce the 

greatest changes in the polypeptide's properties are those in which (a) a hydrophilic residue, e.g. seryl 
or threonyl, is substituted for (or by) a hydrophobic residue, e.g. leucyl, isoleucyl, phenylalanyl, valyl or 
alanyl; (b) a cysteine or proline is substituted for (or by) any other residue; (c) a residue having an 
electropositive side chain, e.g. lysyl, arginyl, or histidyl, is substituted for (or by) an electronegative 
10 residue, e.g. glutamyl or aspartyl; or (d) a residue having a bulky side chain, e.g. phenylalanine, is 
substituted for (or by) one not having a side chain, e.g. glycine. 

J3 The variants typically exhibit the same qualitative biological activity and will elicit the same immune 

J: response as the naturally-occurring analogue, although variants also are selected to modify the 

m characteristics of the Apop proteins as needed. Alternatively, the variant may be designed such that 

=H5 the biological activity of the Apop protein is altered. For example, giycosylation sites may be altered or 

removed. Similarly, e.g., mutations within the cysteine protease domain of Apopl or Apop2 or within 
s_ the kinase domain of Apop3 may be made. 

Q Covaient modifications of Apop polypeptides are included within the scope of this invention. One type 

)=? of covaient modification includes reacting targeted amino acid residues of an Apop polypeptide with an 

l20 organic derivatizing agent that is capable of reacting with selected side chains or the N-or C-terminal 
residues of an Apop polypeptide. Derivatization with Afunctional agents is useful, for instance, for 
crosslinking Apop to a water-insoluble support matrix or surface for use in the method for purifying 
anti-Apop antibodies or screening assays, as is more fully described below. Commonly used 
crosslinking agents include, e.g., 1,1-bis(diazoacetyl)-2-phenylethane ? giutaraldehyde, N-hydroxy- 
25 succinimide esters, for example, esters with 4-azidosalicylic acid, homobifunctional imidoesters, 

including disuccinimidyl esters such as 3,3'-dithiobis(succinimidylpropionate), bifunctional maleimides 
such as bis-N-maleimido-1,8-octane and agents such as methyl-3-[(p-azidophenyl)dithio]propioimi- 
date. 

30 Other modifications include deamidation of glutaminyl and asparaginyl residues to the corresponding 
glutamyl and aspartyl residues, respectively, hydroxylation of proline and lysine, phosphorylation of 
hydroxyl groups of seryl or threonyl residues, methylation of the amino groups of lysine, arginine, and 
histidine side chains [T.E. Creighton, Proteins: Structure and Molecular Properties, W.H. Freeman & 
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Co., San Francisco, pp. 79-86 (1983)], acetylation of the N-terminal amine, and amidation of any C- 
terminai carboxyl group. 

Another type of covaient modification of the Apop polypeptide included within the scope of this 
5 invention comprises altering the native glycosylation pattern of the polypeptide. "Altering the native 
glycosylation pattern" is intended for purposes herein to mean deleting one or more carbohydrate 
moieties found in native sequence Apop polypeptide, and/or adding one or more glycosylation sites 
that are not present in the native sequence Apop polypeptide. 

10 Addition of glycosylation sites to Apop polypeptides may be accomplished by altering the amino acid 

sequence thereof. The alteration may be made, for example, by the addition of, or substitution by, one 
q or more serine or threonine residues to the native sequence Apop polypeptide (for O-linked 
J3 glycosylation sites). The Apop amino acid sequence may optionally be altered through changes at the 
~ DNA level, particularly by mutating the DNA encoding the Apop polypeptide at preselected bases such 
r5 that codons are generated that will translate into the desired amino acids. 

M= Another means of increasing the number of carbohydrate moieties on the Apop polypeptide is by 
!L chemical or enzymatic coupling of glycosides to the polypeptide. Such methods are described in the 
yn art, e.g., in WO 87/05330 published 11 September 1987, and in Aplin and Wriston, CRC Crit. Rev. 
□ Biochem., pp. 259-306 (1981). 

20 Removal of carbohydrate moieties present on the Apop polypeptide may be accomplished chemically 
or enzymatically or by mutational substitution of codons encoding for amino acid residues that serve 
as targets for glycosylation. Chemical deglycosylation techniques are known in the art and described, 
for instance, by Hakimuddin, et al., Arch. Biochem. Biophys., 259:52 (1987) and by Edge et al. t Anal. 
Biochem., 118:131 (1981). Enzymatic cleavage of carbohydrate moieties on polypeptides can be 

25 achieved by the use of a variety of endo-and exo-glycosidases as described by Thotakura et al., Meth. 
Enzymol., 138:350(1987). 

Another type of covaient modification of Apop comprises linking the Apop polypeptide to one of a 
variety of nonproteinaceous polymers, e.g., polyethylene glycol, polypropylene glycol, or 
polyoxyalkylenes, in the manner set forth in U.S. Patent Nos. 4,640,835; 4,496,689; 4,301,144; 
30 4,670,417; 4,791,192 or 4,179,337. 

Apop polypeptides of the present invention may also be modified in a way to form chimeric molecules 
comprising an Apop polypeptide fused to another, heterologous polypeptide or amino acid sequence. 
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ln one embodiment, such a chimeric molecule comprises a fusion of an Apop polypeptide with a tag 
polypeptide which provides an epitope to which an anti-tag antibody can selectively bind. The epitope 
tag is generally placed at the amino-or carboxyl-terminus of the Apop polypeptide. The presence of 
such epitope-tagged forms of an Apop polypeptide can be detected using an antibody against the tag 
polypeptide. Also, provision of the epitope tag enables the Apop polypeptide to be readily purified by 
affinity purification using an anti-tag antibody or another type of affinity matrix that binds to the epitope 
tag. In an alternative embodiment, the chimeric molecule may comprise a fusion of an Apop 
polypeptide with an immunoglobulin or a particular region of an immunoglobulin. For a bivalent form of 
the chimeric molecule, such a fusion could be to the Fc region of an IgG molecule. 

Various tag polypeptides and their respective antibodies are well known in the art. Examples include 
poly-histidine (poly-his) or poly-histidine-glycine (poly-his-gly) tags; the flu HA tag polypeptide and its 
antibody 12CA5 [Field et al., MoL Cell. Biol., 8:2159-2165 (1988)]; the c-myc tag and the 8F9, 3C7, 
6E10, G4, B7 and 9E10 antibodies thereto [Evan et al., Molecular and Cellular Biology, 5:3610-3616 
(1985)]; and the Herpes Simplex virus glycoprotein D (gD) tag and its antibody [Paborsky et al., 
Protein Engineering, 3(6):547-553 (1990)]. Other tag polypeptides include the Flag-peptide [Hopp et 
al., BioTechnology, 6:1204-1210 (1988)]; the KT3 epitope peptide [Martin et al., Science, 255:192-194 
(1992)]; tubulin epitope peptide [Skinner et al., J. Biol. Chem., 266:15163-15166 (1991)]; and the T7 
gene 10 protein peptide tag [Lutz-Freyermuth et al., Proc. Natl. Acad. Sci. USA, 87:6393-6397 (1990)]. 

Also included with the definition of Apop protein are other Apop proteins of the Apop family, and Apop 
proteins from other organisms, which are cloned and expressed as outlined below. Thus, probe or 
degenerate polymerase chain reaction (PCR) primer sequences may be used to find other related 
Apop proteins from humans or other organisms. As will be appreciated by those in the art, particularly 
useful probe and/or PCR primer sequences include the unique areas of the Apop nucleic acid 
sequence. As is generally known in the art, preferred PCR primers are from about 15 to about 35 
nucleotides in length, with from about 20 to about 30 being preferred, and may contain inosine as 
needed. The conditions for the PCR reaction are well known in the art. 

In another preferred embodiment, new members within an Apop family are identified within the 
different cells or tissues of the same organism. The amino acid sequences of individual members are 
aligned and analyzed as described above. Amino acid sequences which are identical among those 
family members are used to design PCR primers. These PCR primers take the degeneracy of the 
genetic code into consideration and thus, may e.g., incorporate inosine at the third codon position. 
Similarly, PCR primers are designed based on the alignment and analysis of the respective nucleic 
acid sequences. Thus, PCR primers are designed to bind to conserved nucleotide sequences shared 
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by different members of the Apop family, in this embodiment, nucleotide sequences for all members 
of the Apop family, i.e., known and unknown members, sharing the respective nucleotide sequences 
to which the PCR primers bind, are generated by PCR. Subsequent subcloning and DNA analysis of 
the generated DNA fragments, as is well known in the art and e.g. described in Sambrook et al., 
Molecular Cloning: A Laboratory Manual (New York: Coid Spring Harbor Laboratory Press, 1989) and 
Ausubel et al., Short Protocols in Molecular Biology (John Wiley & Sons, Inc., 1995) identifies known 
and/or new members of the Apop family. 

Once the Apop nucleic acid is identified, it can be cloned and, if necessary, its constituent parts 
recombined to form the entire Apop nucleic acid. Once isolated from its natural source, e.g., 
contained within a plasmid or other vector or excised therefrom as a linear nucleic acid segment, the 
recombinant Apop nucleic acid can be further-used as a probe to identify and isolate other Apop 
nucleic acids. It can also be used as a "precursor" nucleic acid to make modified or variant Apop 
nucleic acids and proteins. 

Using the nucleic acids of the present invention which encode an Apop protein, a variety of expression 
vectors are made. The expression vectors may be either self-replicating extrachromosomal vectors or 
vectors which integrate into a host genome. Generally, these expression vectors include 
transcriptional and translational regulatory nucleic acid operably linked to the nucleic acid encoding the 
Apop protein. The term "control sequences" refers to DNA sequences necessary for the expression of 
an operably linked coding sequence in a particular host organism. The control sequences that are 
suitable for prokaryotes, for example, include a promoter, optionally an operator sequence, and a 
ribosome binding site. Eukaryotic cells are known to utilize promoters, polyadenylation signals, and 
enhancers. 

Nucleic acid is "operably linked" when it is placed into a functional relationship with another nucleic 
acid sequence. For example, DNA for a presequence or secretory leader is operably linked to DNA 
for a polypeptide if it is expressed as a preprotein that participates in the secretion of the polypeptide; 
a promoter or enhancer is operably linked to a coding sequence if it affects the transcription of the 
sequence; or a ribosome binding site is operably linked to a coding sequence if it is positioned so as to 
facilitate translation. Generally, "operably linked" means that the DNA sequences being linked are 
contiguous, and, in the case of a secretory leader, contiguous and in reading phase. However, 
enhancers do not have to be contiguous. Linking is accomplished by ligation at convenient restriction 
sites. If such sites do not exist, the synthetic oligonucleotide adaptors or linkers are used in 
accordance with conventional practice. The transcriptional and translational regulatory nucleic acid 
will generally be appropriate to the host cell used to express the Apop protein, as will be appreciated 
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by those in the art; for example, transcriptional and translational regulatory nucleic acid sequences 
from Bacillus are preferably used to express the Apop protein in Bacillus. Numerous types of 
appropriate expression vectors, and suitable regulatory sequences are known in the art for a variety of 
host cells. 

In general, the transcriptional and translational regulatory sequences may include, but are not limited 
to, promoter sequences, ribosomal binding sites, transcriptional start and stop sequences, 
translational start and stop sequences, and enhancer or activator sequences. In a preferred 
embodiment, the regulatory sequences include a promoter and transcriptional start and stop 
sequences. 

Promoter sequences include constitutive and inducible promoter sequences. The promoters may be 
either naturally occurring promoters, hybrid or synthetic promoters. Hybrid promoters, which combine 
elements of more than one promoter, are also known in the art, and are useful in the present 
invention. 

In addition, the expression vector may comprise additional elements. For example, the expression 
vector may have two replication systems, thus allowing it to be maintained in two organisms, for 
example in mammalian or insect cells for expression and in a prokaryotic host for cloning and 
amplification. Furthermore, for integrating expression vectors, the expression vector contains at least 
one sequence homologous to the host cell genome, and preferably two homologous sequences which 
flank the expression construct. The integrating vector may be directed to a specific locus in the host 
cell by selecting the appropriate homologous sequence for inclusion in the vector. Constructs for 
integrating vectors and appropriate selection and screening protocols are well known in the art and are 
described in e.g., Mansour et al., Cell, 51:503 (1988) and Murray, Gene Transfer and Expression 
Protocols, Methods in Molecular Biology, Vol. 7 (Clifton: Humana Press, 1991). 

In addition, in a preferred embodiment, the expression vector contains a selection gene to allow the 
selection of transformed host cells containing the expression vector, and particularly in the case of 
mammalian cells, ensures the stability of the vector, since cells which do not contain the vector will 
generally die. Selection genes are well known in the art and will vary with the host cell used. By 
"selection gene" herein is meant any gene which encodes a gene product that confers resistance to a 
selection agent. Suitable selection agents include, but are not limited to, neomycin (or its analog 
G418), blasticidin S, histinidol D, bleomycin, puromycin, hygromycin B, and other drugs. 
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In a preferred embodiment, the expression vector contains a RNA splicing sequence upstream or 
downstream of the gene to be expressed in order to increase the level of gene expression. See Barret 
et al. t Nucleic Acids Res. 1991; Groos et al., Mol. Cell. Biol. 1987; and Budiman et al., Mol. Cell. Biol. 
1988. 

5 A preferred expression vector system is a retroviral vector system such as is generally described in 
Mann et al., Cell, 33:153-9 (1993); Pear et aL, Proc. Natl. Acad. Sci. U.S.A., 90(18):8392-6 (1993); 
Kitamura et aL, Proc. Natl. Acad. Sci. U.S.A., 92:9146-50 (1995); Kinsella etaL, Human Gene 
Therapy, 7:1405-13; Hofmann etal.,Proc. Natl. Acad. Sci. U.S.A., 93:5185-90; Choateetal., Human 
Gene Therapy, 7:2247 (1996); PCT/US97/01019 and PCT/US97/01048, and references cited therein, 
10 all of which are hereby expressly incorporated by reference. 

yg The Apop proteins of the present invention are produced by culturing a host cell transformed with 

j! nucleic acid, preferably an expression vector, containing nucleic acid encoding an Apop protein, under 

ft j the appropriate conditions to induce or cause expression of the Apop protein. The conditions 

appropriate for Apop protein expression will vary with the choice of the expression vector and the host 

fi> cell, and will be easily ascertained by one skilled in the art through routine experimentation. For 
=^ example, the use of constitutive promoters in the expression vector will require optimizing the growth 
rf and proliferation of the host cell, while the use of an inducible promoter requires the appropriate 
Q growth conditions for induction. In addition, in some embodiments, the timing of the harvest is 

important For example, the baculoviral systems used in insect cell expression are lytic viruses, and 

20. thus harvest time selection can be crucial for product yield. 

Appropriate host cells include yeast, bacteria, archaebacteria, fungi, and insect and animal cells, 
including mammalian cells. Of particular interest are Drosophila meianogaster cells, Saccharomyces 
cerevisiae and other yeasts, E. coli, Bacillus subtilis, SF9 cells, C129 cells, 293 cells, Neurospora, 
BHK, CHO, COS, and HeLa ceils, fibroblasts, Schwanoma cell lines, immortalized mammalian myeloid 
25 and lymphoid ceil lines, Jurkat cells, mast cells and other endocrine and exocrine cells, and neuronal 
cells. See the ATCC cell line catalog, hereby expressly incorporated by reference. 

In a preferred embodiment, the Apop proteins are expressed in mammalian cells. Mammalian 
expression systems are also known in the art, and include retroviral systems. A mammalian promoter 
is any DNA sequence capable of binding mammalian RNA polymerase and initiating the downstream 
30 (3*) transcription of a coding sequence for Apop3 protein into mRNA. A promoter will have a 

transcription initiating region, which is usually placed proximal to the 5* end of the coding sequence, 
and a TATA box, using a located 25-30 base pairs upstream of the transcription initiation site. The 
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TATA box is thought to direct RNA polymerase tl to begin RNA synthesis at the correct site. A 
mammalian promoter will also contain an upstream promoter element (enhancer element), typically 
located within 100 to 200 base pairs upstream of the TATA box. An upstream promoter element 
determines the rate at which transcription is initiated and can act in either orientation. Of particular 
5 use as mammalian promoters are the promoters from mammalian viral genes, since the viral genes 
are often highly expressed and have a broad host range. Examples include the SV40 early promoter, 
mouse mammary tumor virus LTR promoter, adenovirus major late promoter, herpes simplex virus 
promoter, and the CMV promoter. 

Typically, transcription termination and polyadenylation sequences recognized by mammalian cells are 

10 regulatory regions located 3' to the translation stop codon and thus, together with the promoter 

— elements, flank the coding sequence. The 3' terminus of the mature mRNA is formed by site-specific 
y!I post-translational cleavage and polyadenylation. Examples of transcription terminator and 
= polyadenlytion signals include those derived form SV40. 

11 The methods of introducing exogenous nucleic acid into mammalian hosts, as well as other hosts, is 
=jL5 well known in the art, and will vary with the host cell used. Techniques include dextran-mediated 

^ transfection, calcium phosphate precipitation, polybrene mediated transfection, protoplast fusion, 

elect roporation, viral infection, encapsulation of the polynucleotide(s) in liposomes, and direct 
Q microinjection of the DNA into nuclei. 

M. In a preferred embodiment, Apop proteins are expressed in bacterial systems. Bacterial expression 
20 systems are well known in the art. 

A suitable bacterial promoter is any nucleic acid sequence capable of binding bacterial RNA 
polymerase and initiating the downstream (3') transcription of the coding sequence of Apop3 protein 
into mRNA A bacterial promoter has a transcription initiation region which is usually placed proximal 
to the 5' end of the coding sequence. This transcription initiation region typically includes an RNA 

25 polymerase binding site and a transcription initiation site. Sequences encoding metabolic pathway 
enzymes provide particularly useful promoter sequences. Examples include promoter sequences 
derived from sugar metabolizing enzymes, such as galactose, lactose and maltose, and sequences 
derived from biosynthetic enzymes such as tryptophan. Promoters from bacteriophage may also be 
used and are known in the art. In addition, synthetic promoters and hybrid promoters are also useful; 

30 for example, the tac promoter is a hybrid of the trp and lac promoter sequences. Furthermore, a 
bacterial promoter can include naturally occurring promoters of non-bacterial origin that have the 
ability to bind bacterial RNA polymerase and initiate transcription. 
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In addition to a functioning promoter sequence, an efficient ribosome binding site is desirable. In £ 
co//, the ribosome binding site is called the Shine-Delgarno (SD) sequence and includes an initiation 
codon and a sequence 3-9 nucleotides in length located 3-11 nucleotides upstream of the initiation 
5 codon. 

The expression vector may also include a signal peptide sequence that provides for secretion of the 
Apop protein in bacteria. The signal sequence typically encodes a signal peptide comprised of 
hydrophobic amino acids which direct the secretion of the protein from the cell, as is well known in the 
art. The protein is either secreted into the growth media (gram-positive bacteria) or into the 

10 periplasmic space, located between the inner and outer membrane of the cell (gram-negative 

„ bacteria). 

The bacterial expression vector may also include a selectable marker gene to allow for the selection of 
jy bacterial strains that have been transformed. Suitable selection genes include genes which render the 
HF bacteria resistant to drugs such as ampicillin, chloramphenicol, erythromycin, kanamycin, neomycin 
£3 and tetracycline. Selectable markers also include biosynthetic genes, such as those in the histidine, 
s tryptophan and leucine biosynthetic pathways. 

Q These components are assembled into expression vectors. Expression vectors for bacteria are well 
™ known in the art, and include vectors for Bacillus subtilis, E. coli, Streptococcus cremoris, and 
£1 Streptococcus iividans, among others. 

20 The bacterial expression vectors are transformed into bacterial host cells using techniques well known 
in the art, such as calcium chloride treatment, eiectroporation, and others. 

In one embodiment, Apop proteins are produced in insect cells. Expression vectors for the 
transformation of insect cells, and in particular, baculovirus-based expression vectors, are well known 
in the art and are described e.g., in O'Reilly et al. f Baculovirus Expression Vectors: A Laboratory 
25 Manual (New York: Oxford University Press, 1994). 

In a preferred embodiment, Apop protein is produced in yeast cells. Yeast expression systems are 
well known in the art, and include expression vectors for Saccharomyces cerevisiae, Candida albicans 
and C. maltosa, Hansenula polymorpha, Kluyveromyces fragitis and K. lactis, Pichia guillerimondii and 
P. pastoris, Schizosaccharomyces pombe, and Yarrowia lipolytica. Preferred promoter sequences for 
30 expression in yeast include the inducible GAL1 ,10 promoter, the promoters from alcohol 
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dehydrogenase, enolase, glucokinase, glucose-6-phosphate isomerase, glyceraldehyde-3-phosphate- 
dehydrogenase, hexokinase, phosphofructokinase, 3-phosphoglycerate mutase, pyruvate kinase, and 
the acid phosphatase gene. Yeast selectable markers include ADE2, HIS4, LEU2, TRP1 t and ALG7, 
which confers resistance to tunicamycin; the neomycin phosphotransferase gene, which confers 
5 resistance to G41 8; and the CUP1 gene, which allows yeast to grow in the presence of copper ions. 

The Apop protein may also be made as a fusion protein, using techniques well known in the art. Thus, 
for example, for the creation of monoclonal antibodies, if the desired epitope is small, the Apop protein 
may be fused to a carrier protein to form an immunogen. Alternatively, the Apop protein may be made 
as a fusion protein to increase expression, or for other reasons. For example, when the Apop protein 
10 is an Apop peptide, the nucleic acid encoding the peptide may be linked to other nucleic acid for 
expression purposes. 

p2 In one embodiment, the Apop nucleic acids, proteins and antibodies of the invention are labeled. By 
m "labeled" herein is meant that nucleic acids, proteins and antibodies of the invention have at least one 

element, isotope or chemical compound attached to enable the detection of nucleic acids, proteins and 
E> antibodies of the invention. In general, labels fall into three classes: a) isotopic labels, which may be 
^ radioactive or heavy isotopes; b) immune labels, which may be antibodies or antigens; and c) colored 

or fluorescent dyes. The labels may be incorporated into the compound at any position. 

22 In a preferred embodiment, the Apop protein is purified or isolated after expression. Apop proteins 
M< may be isolated or purified in a variety of ways known to those skilled in the art depending on what 
20 other components are present in the sample. Standard purification methods include electrophoretic, 
molecular, immunological and chromatographic techniques, including ion exchange, hydrophobic, 
affinity, and reverse-phase HPLC chromatography, and chromatofocusing. For example, the Apop 
protein may be purified using a standard anti-Apop3 antibody column. Ultrafiltration and diafiltration 
techniques, in conjunction with protein concentration, are also useful. For general guidance in suitable 
25 purification techniques, see Scopes, R., Protein Purification, Springer-Verlag, NY (1982). The degree 
of purification necessary will vary depending on the use of the Apop3 protein. In some instances no 
purification will be necessary. 

Once expressed and purified if necessary, the Apop proteins and nucleic acids are useful in a number 
of applications. 

30 In a preferred embodiment, the Apop proteins are used to make Apop antibodies. Apop antibodies find 
use in a number of applications. For example, the Apop antibodies may be coupled to standard affinity 
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chromatography columns and used to purify Apop proteins. The antibodies may also be used as 
blocking polypeptides, as outlined above, since they will specifically bind to the Apop protein. 

In a preferred embodiment, the Apop protein and/or Apop nucleic acid is used to generate antibodies, 
for example for immunotherapy. By "immunotherapy" is meant treatment of apoptosis with an 
antibody raised against Apop proteins. As used herein, immunotherapy can be passive or active. 
Passive immunotherapy, as defined herein, is the passive transfer of antibody to a recipient (patient). 
Active immunization is the induction of antibody and/or T-cell responses in a recipient (patient). 
Induction of an immune response can be the consequence of providing the recipient with an Apop 
antigen to which antibodies are raised. As appreciated by one of ordinary skill in the art, the Apop 
antigen may be provided by injecting an Apop polypeptide against which antibodies are desired to be 
raised into a recipient, or contacting the recipient with an Apop nucleic acid, capable of expressing the 
Apop antigen, under conditions for expression of the Apop antigen. 

In a preferred embodiment, a therapeutic compound is conjugated to an antibody, preferably an Apop 
antibody. The therapeutic compound may be a cytotoxic agent. In this method, targeting the cytotoxic 
agent to apoptotic ceils or tumor tissue or ceils, results in a reduction in the number of afflicted cells, 
thereby reducing symptoms associated with apoptosis and cancer. Cytotoxic agents are numerous 
and varied and include, but are not limited to, cytotoxic drugs or toxins or active fragments of such 
toxins. Suitable toxins and their corresponding fragments include diptheria A chain, exotoxin A chain, 
ricin A chain, abrin A chain, curcin, crotin, phenomycin, enomycin and the like. Cytotoxic agents also 
include radiochemicals made by conjugating radioisotopes to antibodies raised against Apop proteins, 
or binding of a radionuclide to a chelating agent that has been covalently attached to the antibody. 

In a preferred embodiment, Apop genes are administered as DNA vaccines, either single genes or 
combinations of Apop genes. Naked DNA vaccines are generally known in the art; see Brower, 
Nature Biotechnology 16:1304-1305 (1998). Methods for the use of genes as DNA vaccines are well 
known to one of ordinary skill in the art, and include placing an Apop gene or portion of an Apop gene 
under the control of a promoter for expression in a patient. The Apop gene used for DNA vaccines 
can encode full-length Apop proteins, but more preferably encodes portions of the Apop proteins 
including peptides derived from the Apop protein. In a preferred embodiment a patient is immunized 
with a DNA vaccine comprising a plurality of nucleotide sequences derived from a Apop gene. 
Similarly, it is possible to immunize a patient with a plurality of Apop genes or portions thereof, as 
defined herein. Without being bound by theory, following expression of the polypeptide encoded by 
the DNA vaccine, cytotoxic T-cells, helper T-cells and antibodies are induced which recognize and 
destroy or eliminate cells expressing Apop proteins. 
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In a preferred embodiment, the DNA vaccines include a gene encoding an adjuvant molecule with the 
DNA vaccine. Such adjuvant molecules include cytokines that increase the immunogenic response to 
the Apop polypeptide encoded by the DNA vaccine. Additional or alternative adjuvants are known to 
those of ordinary skill in the art and find use in the invention. 

In a preferred embodiment, the Apop proteins, nucleic acids, modified proteins and cells containing the 
native or modified Apop proteins are used in screening assays. Identification of the Apop proteins 
permits the design of drug screening assays for compounds that modulate Apop activity. 

Screens are designed to first find candidate agents that can bind to Apop proteins, and then these 
agents are used in assays that evaluate the ability of the candidate agent to modulate Apop activity. 
The terms "binding to Apop" and "modulating Apop activity" or grammatical equivalents thereof 
comprise binding to Apopl proteins, Apop2 proteins, Apop3 proteins, and modulating Apopl protein 
activity, Apop2 protein activity, and Apop3 protein activity. As will be appreciated by those in the art, 
there are a number of different assays which may be run; binding assays and activity assays. 

In a preferred embodiment, the methods comprise combining an Apop protein and a candidate 
bioactive agent, and determining the binding of the candidate agent to the Apop protein. Preferred 
embodiments utilize the human Apop protein, although other mammalian Apop proteins may also be 
used, including rodents (mice, rats, hamsters, guinea pigs, etc.), farm animals (cows, sheep, pigs, 
horses, etc.) and primates. These latter embodiments may be preferred in the development of animal 
models of human disease. In some embodiments, as outlined herein, variant or derivative Apop 
proteins may be used, including deletion Apop proteins as outlined above. Furthermore, included 
within the definition of Apop proteins are portions or fragments of Apop proteins; that is, either the full- 
length protein may be used, or, as outlined above, portions or fragments thereof. In addition, the 
assays described herein may utilize either isolated Apop proteins or cells comprising the Apop 
proteins. 

Generally, in a preferred embodiment of the methods herein, the Apop protein or the candidate agent, 
is non-diffusably bound to an insoluble support having isolated sample receiving areas (e.g. a 
microtiter plate, an array, etc.). The insoluble support may be made of any composition to which the 
Apop protein or the candidate agent can be bound, is readily separated from soluble material, and is 
otherwise compatible with the overall method of screening. The surface of such supports may be solid 
or porous and of any convenient shape. Examples of suitable insoluble supports include microtiter 
plates, arrays, membranes and beads. These are typically made of glass, plastic (e.g., polystyrene), 
polysaccharides, nylon or nitrocellulose, teflon™, etc. Microtiter plates and arrays are especially 



WO 00/07545 



PCT/US99/17776 



-28- 

convenient because a large number of assays can be carried out simultaneously, using small amounts 
of reagents and samples. The particular manner of binding the Apop protein or the candidate agent is 
not crucial so long as it is compatible with the reagents and overall methods of the invention, maintains 
the activity of the composition and is nondiffusable. Preferred methods of binding include the use of 
antibodies (which do not sterically block either the ligand binding site or activation sequence when the 
protein is bound to the support), direct binding to "sticky" or ionic supports, chemical crossiinking, the 
synthesis of the protein or agent on the surface, etc. Following binding of the Apop protein or 
candidate agent, excess unbound material is removed by washing. The sample receiving areas may 
then be blocked through incubation with bovine serum albumin (BSA), casein or other innocuous 
protein or other moiety. 

In a preferred embodiment the Apop protein is bound to the support, and a candidate bioactive agent 
is added to the assay. Alternatively, the candidate agent is bound to the support and the Apop protein 
is added. Novel binding agents include specific antibodies, non-natural binding agents identified in 
screens of chemical libraries, peptide analogs, etc. Of particular interest are screening assays for 
agents that have a low toxicity for human cells. Determination of the binding of an Apop protein and a 
candidate agent is done using a wide variety of assays, including, but not limited to labeled in vitro 
protein-protein binding assays, electrophoretic mobility shift assays, immunoassays for protein 
binding, functional assays (phosphorylation assays, etc.) and the like. 

The term "candidate bioactive agent" or "exogeneous compound" as used herein includes any 
molecule, e.g., protein, oligopeptide, small organic molecule, polysaccharide, polynucleotide, lipid, 
etc., or mixtures thereof, with the capability of directly or indirectly altering the bioactivity of Apop. 
Generally a plurality of assay mixtures is run in parallel with different candidate agent concentrations 
to obtain a differential response to the various concentrations. Typically, one of these concentrations 
serves as a negative control, i.e., at zero concentration or below the level of detection. 

Candidate agents encompass numerous chemical classes, though typically they are organic 
molecules, preferably small organic compounds having a molecular weight of more than 100 and less 
than about 2,500 daltons. Candidate agents comprise functional groups necessary for structural 
interaction with proteins, particularly hydrogen bonding, and typically include at least an amine, 
carbonyl, hydroxyl or carboxyl group, preferably at least two of the functional chemical groups. The 
candidate agents often comprise cyclical carbon or heterocyclic structures and/or aromatic or 
polyaromatic structures substituted with one or more of the above functional groups. Candidate 
agents are also found among biomolecules including peptides, saccharides, fatty acids, steroids, 
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purines, pyrimidines, derivatives, structural analogs or combinations thereof. Particularly preferred are 
peptides. 

Candidate agents are obtained from a wide variety of sources including libraries of synthetic or natural 
compounds. For example, numerous means are available for random and directed synthesis of a 
wide variety of organic compounds and biomolecules, including expression of randomized 
oligonucleotides. Alternatively, libraries of natural compounds in the form of bacterial, fungal, plant 
and animal extracts are available or readily produced. Additionally, natural or synthetically produced 
libraries and compounds are readily modified through conventional chemical, physical and biochemical 
means. Known pharmacological agents may be subjected to directed or random chemical 
modifications, such as acylation, alkylation, esterification, amidification to produce structural analogs. 

In a preferred embodiment, the candidate bioactive agents are proteins. By "protein" herein is meant 
at least two covalently attached amino acids, which includes proteins, polypeptides, oligopeptides and 
peptides. The protein may be made up of naturally occurring amino acids and peptide bonds, or 
synthetic peptidomimetic structures. Thus "amino acid", or "peptide residue", as used herein means 
both naturally occurring and synthetic amino acids. For example, homo-phenylalanine, citrulline and 
noreleucine are considered amino acids for the purposes of the invention. "Amino acid" also includes 
imino acid residues such as proline and hydroxyproline. The side chains may be in either the (R) or 
the (S) configuration. In the preferred embodiment, the amino acids are in the (S) or L-configuration. 
If non-naturally occurring side chains are used, non-amino acid substituents may be used, for example 
to prevent or retard in vivo degradations. 

In a preferred embodiment, the candidate bioactive agents are naturally occurring proteins or 
fragments of naturally occurring proteins. Thus, for example, cellular extracts containing proteins, or 
random or directed digests of proteinaceous cellular extracts, may be used. In this way libraries of 
procaryotic and eucaryotic proteins may be made for screening against Apop. Particularly preferred in 
this embodiment are libraries of bacterial, fungal, viral, and mammalian proteins, with the latter being 
preferred, and human proteins being especially preferred. 

In a preferred embodiment, the candidate bioactive agents are peptides of from about 5 to about 30 
amino acids, with from about 5 to about 20 amino acids being preferred, and from about 7 to about 1 5 
being particularly preferred. The peptides may be digests of naturally occurring proteins as is outlined 
above, random peptides, or "biased" random peptides. By "randomized" or grammatical equivalents 
herein is meant that each nucleic acid and peptide consists of essentially random nucleotides and 
amino acids, respectively. Since generally these random peptides (or nucleic acids, discussed below) 
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are chemically synthesized, they may incorporate any nucleotide or amino acid at any position. The 
synthetic process can be designed to generate randomized proteins or nucleic acids, to allow the 
formation of all or most of the possible combinations over the length of the sequence, thus forming a 
library of randomized candidate bioactive proteinaceous agents. 

5 In one embodiment, the library is fully randomized, with no sequence preferences or constants at any 
position. In a preferred embodiment, the library is biased. That is, some positions within the 
sequence are either held constant, or are selected from a limited number of possibilities. For example, 
in a preferred embodiment, the nucleotides or amino acid residues are randomized within a defined 
class, for example, of hydrophobic amino acids, hydrophilic residues, sterically biased (either small or 
10 large) residues, towards the creation of cysteines, for cross-linking, prolines for SH-3 domains, 
^ serines, threonines, tyrosines or histidines for phosphorylation sites, etc., or to purines, etc. 

^ In a preferred embodiment a library of protein encoding nucleotide sequences is added to the host cell 

py comprising the vector composition of the invention. The library of protein encoding nucleotide 

=F sequences may be obtained from genomic DNA, from cDNAs or from random nucleotides. 

|5 Particularly preferred in this embodiment are libraries encoding bacterial, fungal, viral, and mammalian 

s proteins and peptides, with the latter being preferred, and human encoding proteins and peptides 

fz being especially preferred. As described above and as known in the art the protein and peptide 

p encoding nucleotide sequences may be inserted into any vector suitable for expression in mammalian 

™ cells. 

20 In a preferred embodiment, the candidate bioactive agents are nucleic acids. By "nucleic acid" or 

"oligonucleotide" or grammatical equivalents herein means at least two nucleotides covalently linked 
together. A nucleic acid of the present invention will generally contain phosphodiester bonds, although 
in some cases, as outlined below, nucleic acid analogs are included that may have alternate 
backbones, comprising, for example, phosphoramide (Beaucage et al., Tetrahedron 49(10): 1925 

25 (1993) and references therein; Letsinger, J. Org. Chem. 35:3800 (1970); Sprinzl et al., Eur. J. 

Biochem. 81:579 (1977); Letsinger et al., Nucl. Acids Res. 14:3487 (1986); Sawai et al, Chem. Lett. 
805 (1984), Letsinger et a!., J. Am. Chem. Soc. 110:4470 (1988); and Pauwels et al., Chemica Scripta 
26:141 91986)), phosphorothioate (Mag et a!., Nucleic Acids Res. 19:1437 (1991); and U.S. Patent 
No. 5,644,048), phosphorodithioate (Briu etal., J. Am. Chem. Soc. 111:2321 (1989), O- 

30 methylphophoroamidite linkages (see Eckstein, Oligonucleotides and Analogues: A Practical 

Approach, Oxford University Press), and peptide nucleic acid backbones and linkages (see Egholm, J. 
Am. Chem. Soc. 114:1895 (1992); Meier etal., Chem. Int. Ed. Engl. 31:1008 (1992); Nielsen, Nature, 
365:566 (1993); Carlsson et al., Nature 380:207 (1996), all of which are incorporated by referenc ). 
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Other analog nucleic acids include those with positive backbones (Denpcy et al., Proc. Natl. Acad. Sci 
USA 92:6097 (1995); non-ionic backbones (U.S. Patent Nos. 5,386,023, 5,637,684, 5,602,240, 
5,216,141 and 4,469,863; Kiedrowshi etal., Angew. Chem. Intl. Ed. English 30:423 (1991); Letsinger 
etal., J. Am. Chem. Soc. 110:4470 (1988); Letsinger et al., Nucleoside & Nucleotide 13:1597 (1994); 
Chapters 2 and 3, ASC Symposium Series 580, "Carbohydrate Modifications in Antisense Research", 
Ed. Y.S. Sanghui and P. Dan Cook; Mesmaeker et al., Bioorganic & Medicinal Chem. Lett. 4:395 
(1994); Jeffs et al., J. Biomolecular NMR 34:17 (1994); Tetrahedron Lett. 37:743 (1996)) and non- 
ribose backbones, including those described in U.S. Patent Nos. 5,235,033 and 5,034,506, and 
Chapters 6 and 7, ASC Symposium Series 580, "Carbohydrate Modifications in Antisense Research", 
Ed. Y.S. Sanghui and P. Dan Cook. Nucleic acids containing one or more carbocyclic sugars are also 
included within the definition of nucleic acids (see Jenkins et al., Chem. Soc. Rev. (1995) pp169- 
176). Several nucleic acid analogs are described in Rawls, C & E News June 2, 1997 page 35. All of 
these references are hereby expressly incorporated by reference. These modifications of the ribose- 
phosphate backbone may be done to facilitate the addition of additional moieties such as labels, or to 
increase the stability and half-life of such molecules in physiological environments. In addition, 
mixtures of naturally occurring nucleic acids and analogs can be made. Alternatively, mixtures of 
different nucleic acid analogs, and mixtures of naturally occurring nucleic acids and analogs may be 
made. The nucleic acids may be single stranded or double stranded, as specified, or contain portions 
of both double stranded or single stranded sequence. The nucleic acid may be DNA, both genomic 
and cDNA, RNA or a hybrid, where the nucleic acid contains any combination of deoxyribo- and ribo- 
nucleotides, and any combination of bases, including uracil, adenine, thymine, cytosine, guanine, 
inosine, xanthine hypoxanthine, isocytosine, isoguanine, etc. 

As described above generally for proteins, nucleic acid candidate bioactive agents may be naturally 
occurring nucleic acids, random nucleic acids, or "biased" random nucleic acids. For example, digests 
of prokaryotic or eukaryotic genomes may be used as is outlined above for proteins. 

In a preferred embodiment, the candidate bioactive agents are obtained from combinatorial chemical 
libraries, a wide variety of which are available in the literature. By "combinatorial chemical library" 
herein is meant a collection of diverse chemical compounds generated in a defined or random 
manner, generally by chemical synthesis. Millions of chemical compounds can be synthesized 
through combinatorial mixing. 

The determination of the binding of the candidate bioactive agent to the Apop protein may be done in a 
number of ways. In a preferred embodiment, the candidate bioactive agent is labeled, and binding 
determined directly. For example, this may be done by attaching all or a portion of the Apop protein to 
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a solid support, adding a labeled candidate agent (for example a candidate agent comprising a 
fluorescent label), washing off excess reagent, and determining whether the label is present on the 
solid support. Various blocking and washing steps may be utilized as is known in the art. 

By "labeled" herein is meant that the candidate bioactive agent is either directly or indirectly labeled 
5 with a label which provides a detectable signal, e.g. a radioisotope (such as 3 H, 14 C, 32 P, 33 P, 35 S, or 

125 l), a fluorescent or chemiluminescent compound (such as fluorescein isothiocyanate, rhodamine, or 
luciferin), an enzyme (such as alkaline phosphatase, beta-galactosidase or horseradish peroxidase), 
antibodies, particles such as magnetic particles, or specific binding molecules, etc. Specific binding 
molecules include pairs, such as biotin and streptavidin, digoxin and antidigoxin etc. For the specific 
10 binding members, the complementary member would normally be labeled with a molecule which 
n provides for detection, in accordance with known procedures, as outlined above. The label can directly 

or indirectly provide a detectable signal. 

ry In some embodiments, only one of the components is labeled. For example, the proteins (or 

proteinaceous candidate agents) may be labeled at tyrosine positions using 125 l, or with fiuorophores. 
il5 Alternatively, more than one component may be labeled with different labels; using 125 l for the proteins, 
s for example, and a fluorophor for the candidate agents. 

□ In a preferred embodiment, the binding of the candidate bioactive agent is determined through the use 
Sf of competitive binding assays. In this embodiment, the competitor is a binding moiety known to bind to 
y. the target molecule (i.e. the Apop protein), such as an antibody, peptide, binding partner, ligand, etc. 
20 In a preferred embodiment, the competitor for Apop3 is RIP (Stanger et al„ supra). In another 

preferred embodiment, the competitor for Apopl and Apop2 is XIAP (Deveraux et a!., Nature 388:300- 
303 (1997). Under certain circumstances, there may be competitive binding as between the bioactive 
agent and the binding moiety, with the binding moiety displacing the bioactive agent. 

25 In one embodiment, the candidate bioactive agent is labeled. Either the candidate bioactive agent, or 
the competitor, or both, is added first to the protein for a time sufficient to allow binding, if present. 
Incubations may be performed at any temperature which facilitates optimal activity, typically between 
4°C and 40°C. Incubation periods are selected for optimum activity, but may also be optimized to 
facilitate rapid high through put screening. Typically between 0.1 and 1 hour will be sufficient. Excess 

30 reagent is generally removed or washed away. The second component is then added, and the 
presence or absence of the labeled component is followed, to indicate binding. 
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In a preferred embodiment, the competitor is added first, followed by the candidate bioactive agent. 
Displacement of the competitor is an indication that the candidate bioactive agent is binding to the 
Apop protein and thus is capable of binding to, and potentially modulating, the activity of the Apop 
protein. In this embodiment, either component can be labeled. Thus, for example, if the competitor is 
5 labeled, the presence of label in the wash solution indicates displacement by the agent. Alternatively, 
if the candidate bioactive agent is labeled, the presence of the label on the support indicates 
displacement. 

In an alternative embodiment, the candidate bioactive agent is added first, with incubation and 
washing, followed by the competitor. The absence of binding by the competitor may indicate that the 
10 bioactive agent is bound to the Apop protein with a higher affinity. Thus, if the candidate bioactive 
_ agent is labeled, the presence of the label on the support, coupled with a lack of competitor binding, 

go may indicate that the candidate agent is capable of binding to the Apop protein. 

ry In a preferred embodiment, the methods comprise differential screening to identity bioactive agents 

4^ that are capable of modulating the activity of the Apop proteins. In this embodiment, the methods 

Q5 comprise combining an Apop protein and a competitor in a first sample. A second sample comprises 
~ a candidate bioactive agent, an Apop protein and a competitor. Addition of the candidate bioactive 

~ agent is performed under conditions which allow the modulation of the Apop protein. The binding of 

Q the competitor is determined for both samples, and a change, or difference in binding between the two 

J: samples indicates the presence of an agent capable of binding to the Apop protein and potentially 

p>0 modulating its activity. That is, if the binding of the competitor is different in the second sample relative 
to the first sample, the agent is capable of binding to the Apop protein. 

Another preferred embodiment utilizes differential screening to identify drug candidates that bind to the 
native Apop protein, but cannot bind to modified Apop proteins. The structure of the Apop protein may 
be modeied, and used in rational drug design to synthesize agents that interact with that site. Drug 
25 candidates that affect Apop bioactivity are also identified by screening drugs for the ability to either 
enhance or reduce the activity of the protein. 

Positive controls and negative controls may be used in the assays. Preferably all control and test 
samples are performed in at least triplicate to obtain statistically significant results. Incubation of all 
samples is for a time sufficient for the binding of the agent to the protein. Following incubation, all 
30 samples are washed free of non-specifically bound material and the amount of bound, generally 

labeled agent determined. For example, where a radiolabel is employed, the samples may be counted 
in a scintillation counter to determine the amount of bound compound. 
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A variety of other reagents may be included in the screening assays. These include reagents like 
salts, neutral proteins, e.g. albumin, detergents, etc which may be used to facilitate optimal 
protein-protein binding and/or reduce non-specific or background interactions. Also reagents that 
otherwise improve the efficiency of the assay, such as protease inhibitors, nuclease inhibitors, 
5 anti-microbial agents, etc., may be used. The mixture of components may be added in any order that 
provides for the requisite binding. 

Screening for agents that modulate the activity of Apop may also be done. In a preferred embodiment, 
methods for screening for a bioactive agent capable of modulating the activity of Apop comprise the 
steps of adding a candidate bioactive agent to a sample of Apop, as above, and determining an 
10 alteration in the biological activity of Apop. "Modulating the activity of Apop" includes an increase in 
„ activity, a decrease in activity, or a change in the type or kind of activity present. Thus, in this 
yg embodiment, the candidate agent should both bind to Apop (although this may not be necessary), and 
2* alter its biological or biochemical activity as defined herein. The methods include both in vitro 
fy screening methods, as are generally outlined above, and in vivo screening of cells for alterations in the 
#| presence, distribution, activity or amount of Apop. 

=_ Thus, in this embodiment, the methods comprise combining an Apop sample and a candidate 
~rz bioactive agent, and evaluating the effect on apoptosis. By "Apop activity" or grammatical equivalents 
p herein is meant one or more of the biological activities of Apopl, Apop2, and Apop3. Apopl's and 
^ Apop2's biological activity, e.g., comprises the ability to affect apoptosis. Apop3*s biological activities, 
ZD include, but are not limited to, its kinase activity, its ability to activate NF-kB, its ability to activate 
caspase-3, and its ability to affect apoptosis. Apop3 kinase activity may be assayed using known 
serine/threonine kinase assays; see Thome et ai., J. Exp. Med 181:1997 (1995); del Peso et al., 
Science 278:687 (1997), and others. Similarly, death domain assays are known in the art. 

In a preferred embodiment, the activity of the Apop protein is increased; in another preferred 
25 embodiment, the activity of the Apop protein is decreased. Thus, bioactive agents that are antagonists 
are preferred in some embodiments, and bioactive agents that are agonists may be preferred in other 
embodiments. 

In a preferred embodiment, the invention provides methods for screening for bioactive agents capable 
of modulating the activity of an Apop protein. The methods comprise adding a candidate bioactive 
30 agent, as defined above, to a cell comprising Apop proteins. Preferred cell types include almost any 
cell as defined above for host cells. Preferred cells include, but are not limited to prokaryotic cells and 
eukaryotic cells, with mammalian cells and particularly human cells being preferred. 



WO 00/07545 



PCT/US99/17776 



-35- 

The ceils contain a recombinant nucleic acid that encodes an Apop protein. In a preferred 
embodiment, a library of candidate agents is tested on a plurality of cells. By a "plurality of cells" 
herein is meant roughly from about 10 3 cells to 10 s or 10 9 , with from 10 6 to 10 s being preferred. 

In some embodiments, the assays include exposing the cells to an apoptosis agent that will induce 
5 apoptosis in control cells, i.e. cells of the same type but that do not contain the exogeneous nucleic 
acid encoding an Apop. Suitable apoptosis inducing agents are known in the art. Alternatively, the 
cells may be exposed to conditions that normally result in apoptosis, and changes in the norma! 
apoptosis progression are determined. Alternatively, the cells into which the Apop nucleic acids are 
introduced, normally undergo apoptosis, and thus changes (for example, inhibition of apoptosis) are 
10 determined. Optionally, the cells normally do not undergo apoptosis, and the introduction of a 
~ candidate agent causes apoptosis. 

™ Thus, the effect of the candidate agent on apoptosis is then evaluated. 

*P Methods for the detection of apoptosis may be done as will be appreciated by those in the art. In one 

2 embodiment, indicators of apoptosis are used. Suitable apoptosis labels include, but are not limited to, 

= 15 DAPI. Accordingly, these agents can be used as an affinity ligand, and attached to a solid support 

pssa. 

ri such as a bead, a surface, etc. and used to pull out cells that are undergoing apoptosis. Similarly, 

□ these agents can be coupled to a fluorescent dye such as PerCP, and then used as the basis of a 

j±j fluorescent-activated cell sorting (FACS) separation. 

Sensitive assays that measure various biological and morphological hallmarks of the apoptotic 
20 process are known in the art. For example, a monoclonal antibody which can be used to detect 
cleavage of poly (ADP-ribose) polymerase, CCP32/Caspase-3 fluorescent and colorimetric assay 
kits, and a FLICE/caspase-8 fluorescent assay kit are commercially available (Clontech Laboratories, 
Inc.). Annexin V apoptosis assays, measuring the translocated phosphatidylserine (PS) are 
described, e.g., in Dachary-Prigent etal., Blood 81:2554-65 (1993); Thiagarajan and Tait, J. Biol. 
25 Chem. 265:17420-3 (1990); and Zhang et al., Biotechniques 23:525-31 (1997). Identification of 

apoptosis in situ via specific labeling of nuclear DNA fragmentation is described in Gavrieli et al., J. 
Cell Biol. 119:493-501 (1992). 

In a preferred embodiment, bioactive agents identified by one of the methods outlined above, may be 
compounds showing pharmacological activity or therapeutical activity. Compounds with 
30 pharmacological activity are able to enhance or interfere with the activity of the Apop protein. The 
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compounds having the desired pharmacological activity may be administered in a physiologically 
acceptable carrier to a host, as previously described. The agents may be administered in a variety of 
ways, orally, parenterally e.g., subcutaneously, intraperitoneally, intravascular^, etc. Depending upon 
the manner of introduction, the compounds may be formulated in a variety of ways. The concentration 
5 of a therapeutically active compound in the formulation may vary from about 0.1-100 wt.%. 

The pharmaceutical compositions can be prepared in various forms, such as granules, tablets, pills, 
suppositories, capsules, suspensions, salves, lotions and the like. Pharmaceutical grade organic or 
inorganic carriers and/or diluents suitable for oral and topical use can be used to make up 
compositions containing the therapeuticaily-active compounds. Diluents known to the art include 
10 aqueous media, vegetable and animal oils and fats. Stabilizing agents, wetting and emulsifying 
^ agents, salts for varying the osmotic pressure or buffers for securing an adequate pH value, and skin 
tjp penetration enhancers can be used as auxiliary agents. 

ry Without being bound by theory, it appears that the Apop proteins are important proteins in apoptosis. 
4^ Accordingly, disorders based on mutant or variant Apop genes may be determined. In one 
O embodiment, the invention provides methods for identifying cells containing variant Apop genes 
3^ comprising determining all or part of the sequence of at least one endogenous Apop genes in a cell. 
^ As will be appreciated by those in the art, this may be done using any number of sequencing 
□ techniques. In a preferred embodiment, the invention provides methods of identifying the Apop 
J? genotype of an individual comprising determining all or part of the sequence of at least one Apop gene 
2S of the individual. This is generally done in at least one tissue of the individual, and may include the 
evaluation of a number of tissues or different samples of the same tissue. The method may include 
comparing the sequence of the sequenced Apop gene to a known Apop gene, i.e. a wild-type gene 
(e.g., those nucleic acid sequences depicted in Figures 1, 3, and 5) and determining if any differences 
exist. This can be done using any number of known homology programs, such as Bestfit, etc. In a 
25 preferred embodiment, the presence of a difference in the sequence between the Apop gene of the 
patient and the known Apop gene is indicative of a disease state or a propensity for a disease state, 
as outlined herein. 

The present discovery relating to the role of Apop in apoptosis thus provides methods for inducing or 
preventing apoptosis in cells. In a preferred embodiment, the Apop proteins, and particularly Apop 
30 fragments, are useful in the study or treatment of conditions which are mediated by apoptosis, i.e. to 
diagnose, treat or prevent apoptosis-mediated disorders. Thus, "apoptosis mediated disorders" or 
"disease state" include conditions involving both insufficient apoptosis, including cancer, autoimmune 
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disorders and sustained viral infections, and excessive apoptosis, including inappropriate cell loss and 
degenerative disorders. 

In one embodiment, methods of modulating apoptosis in ceils or organisms are provided. In one 
embodiment, the methods comprise administering to a cell an anti-Apop antibody that reduces or 
eliminates the biological activity of the endogenous Apop protein. Alternatively, the methods comprise 
administering to a ceil or organism a recombinant nucleic acid encoding an Apop protein. As will be 
appreciated by those in the art, this may be accomplished in any number of ways. In a preferred 
embodiment the activity of Apop is increased by increasing the amount of Apop in the cell, for 
example by overexpressing the endogenous Apop or by administering a gene encoding Apop, using 
known gene-therapy techniques, for example. In a preferred embodiment, the gene therapy 
techniques include the incorporation of the exogeneous gene using enhanced homologous 
recombination (EHR), for example as described in PCT/US93/03868, hereby incorporated by 
reference in its entirety. 

In one embodiment, the invention provides methods for diagnosing an Apop mediated disorder in an 
individual. The methods comprise measuring the activity and expression of Apop in a tissue from an 
individual or patient, which may include a measurement of the amount or specific activity of Apop. 
This activity is quantified and compared to the activity of Apop from either an unaffected second 
individual or from an unaffected tissue from the first individual. When these activities are different, the 
first individual may be at risk for an Apop mediated disorder. In this way, for example, monitoring of 
various disease conditions may be done, by monitoring the levels of Apop. Similarly, Apop levels may 
correlate to the diseases and conditions enumerated above. 

In one aspect, the expression levels of Apop genes are determined in different patient samples or cells 
for which either diagnosis or prognosis information is desired. Gene expression monitoring is done on 
genes encoding Apop proteins. In one aspect, the expression levels of Apop genes are determined for 
different cellular states, such as normal cells and cells undergoing apoptosis. By comparing Apop 
gene expression levels in cells in different states, information including both up- and down-regulation 
of Apop genes is obtained, which can be used in a number of ways. For example, the evaluation of a 
particular treatment regime may be evaluated: does a chemotherapeutic drug act to improve the long- 
term prognosis in a particular patient. Similarly, diagnosis may be done or confirmed by comparing 
patient samples. Furthermore, these gene expression levels allow screening of drug candidates with 
an eye to mimicking or altering a particular expression level. This may be done by making biochips 
comprising sets of important Apop genes, such as those of the present invention, which can then be 
used in these screens. These methods can also be done on the protein basis; that is, protein 
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expression levels of the Apop proteins can be evaluated for diagnostic purposes or to screen 
candidate agents. In addition, the Apop nucleic acid sequences can be administered for gene therapy 
purposes, including the administration of antisense nucleic acids, or the Apop proteins administered as 
therapeutic drugs. 



5s bound to biochips include both nucleic acid and amino a&jd sequences as defined 
above. In a preferred embodiment, nucleic acid probes to Apop nucleic acid\(both the nucleic acid 
equences having the sequences outlined in Figures 1\ 3, and 5 and/or the complements thereof) are 
made. The nucleic achsl probes attached to the biochip are designed to be substantially 



complementary to the Ap 



nucleic acids, i.e. the target sequence (either the/target sequence of the 



sample or to other probe seqfciences, for example in sandwich assays), such that hybridization of the 
target sequence and the probesbf^he present invention occurs. As outlined below, this 
complementarity need not be perfect; there may be any number of base pair mismatches which will 
interfere with hybridization between the targeT&eqqence and th^stngle stranded nucleic acids of the 
present invention. However, ifth enumber of noutations is so great that no hybridization can occur 
under even the least stringentsof hybridization conditions, the sequence is not a complementary target 
sequence. Thus, by "substantially complementary" herein is meant that the probes are sufficiently 
complementary to the target sequences to hybridize under normal reaction conditions, particularly high 
stringency condHfons^as outlined herein. 



A "nucleic acid probe" is generally single stranded but can be partially single and partially double 
stranded. The strandedness of the probe is dictated by the structure, composition, and properties of 
the target sequence. In general, the nucleic acid probes range from about 8 to about 100 bases long, 
with from about 10 to about 80 bases being preferred, and from about 30 to about 50 bases being 
particularly preferred. In some embodiments, much longer nucleic acids can be used, up to hundreds 
of bases (e.g., whole genes). 



As will be appreciated by those in the art, nucleic acids can be attached or immobilized to a solid 
support in a wide variety of ways. By "immobilized" and grammatical equivalents herein is meant the 
association or binding between the nucleic acid probe and the solid support is sufficient to be stable 
under the conditions of binding, washing, analysis, and removal as outlined below. The binding can be 
covaient or non-covalent. By "non-covalent binding" and grammatical equivalents herein is meant one 
or more of either electrostatic, hydrophilic, and hydrophobic interactions. Included in non-covalent 
binding is the covaient attachment of a molecule, such as, streptavidin to the support and the non- 
covalent binding of the biotinylated probe to the streptavidin. By "covaient binding" and grammatical 
equivalents herein is meant that the two moieties, the solid support and the probe, are attached by at 
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least one bond, including sigma bonds, pi bonds and coordination bonds. Covalent bonds can be 
formed directly between the probe and the solid support or can be formed by a cross linker or by 
inclusion of a specific reactive group on either the solid support or the probe or both molecules. 
Immobilization may also involve a combination of covalent and non-covalent interactions. 

5 In general, the probes are attached to the biochip in a wide variety of ways, as will be appreciated by 
those in the art. As described herein, the nucleic acids can either be synthesized first, with 
subsequent attachment to the biochip, or can be directly synthesized on the biochip. 

The biochip comprises a suitable solid substrate. By "substrate" or "solid support" or other 
grammatical equivalents herein is meant any material that can be modified to contain discrete 
^10 individual sites appropriate for the attachment or association of the nucleic acid probes and is 

amenable to at least one detection method. As will be appreciated by those in the art, the number of 
possible substrates are very large, and include, but are not limited to, glass and modified or 
S I functionalized glass, plastics (including acrylics, polystyrene and copolymers of styrene and other 

=p materials, polypropylene, polyethylene, polybutylene, polyurethanes, TeflonJ, etc.), polysaccharides, 

J~l 5 nylon or nitrocellulose, resins, silica or silica-based materials including silicon and modified silicon, 
s carbon, metals, inorganic glasses, plastics, etc. In general, the substrates allow optical detection and 

do not appreciably show fluorescence. 

-J3 In a preferred embodiment, the surface of the biochip and the probe may be derivatized with chemical 

r: functional groups for subsequent attachment of the two. Thus, for example, the biochip is derivatized 

20 with a chemical functional group including, but not limited to, amino groups, carboxy groups, oxo 
groups and thiol groups, with amino groups being particularly preferred. Using these functional 
groups, the probes can be attached using functional groups on the probes. For example, nucleic acids 
containing amino groups can be attached to surfaces comprising amino groups, for example using 
linkers as are known in the art; for example, homo-or hetero-bifunctional linkers as are well known 
25 (see 1994 Pierce Chemical Company catalog, technical section on cross-linkers, pages 155-200, 

incorporated herein by reference). In addition, in some cases, additional linkers, such as alkyl groups 
(including substituted and heteroalkyl groups) may be used. 

In this embodiment, oligonucleotides, corresponding to the nucleic acid probe, are synthesized as is 
known in the art, and then attached to the surface of the solid support. As will be appreciated by those 
30 skilled in the art, either the 5' or 3' terminus may be attached to the solid support, or attachment may 
be via an internal nucleoside. 
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In an additional embodiment, the immobilization to the solid support may be very strong, yet non- 
covalent. For example, biotinylated oligonucleotides can be made, which bind to surfaces covalently 
coated with streptavidin, resulting in attachment 

Alternatively, the oligonucleotides may be synthesized on the surface, as is known in the art. For 
5 example, photoactivation techniques utilizing photopotymerization compounds and techniques are 
used. In a preferred embodiment, the nucleic acids can be synthesized in situ, using well known 
photolithographic techniques, such as those described in WO 95/251 16; WO 95/35505; U.S. Patent 
Nos. 5,700,637 and 5,445,934; and references cited within, all of which are expressly incorporated by 
reference; these methods of attachment form the basis of the Affimetrix GeneChip™ technology. 

JLO "Differential expression," or grammatical equivalents as used herein, refers to both qualitative as well 
S as quantitative differences in the genes 1 temporal and/or cellular expression patterns within and 

among the cells. Thus, a differentially expressed gene can qualitatively have its expression altered, 
ry including an activation or inactivation, in, for example, normal versus apoptotic cell. That is, genes may 
=F be turned on or turned off in a particular state, relative to another state. As is apparent to the skilled 
jn> artisan, any comparison of two or more states can be made. Such a qualitatively regulated gene will 
s exhibit an expression pattern within a state or cell type which is detectable by standard techniques in 

hf one such state or cell type, but is not detectable in both. Alternatively, the determination is quantitative 
Q in that expression is increased or decreased; that is, the expression of the gene is either upregulated, 
;Jf resulting in an increased amount of transcript or downregulated, resulting in a decreased amount of 
2D transcript. The degree to which expression differs need only be large enough to quantify via standard 
characterization techniques as outlined below, such as by use of Affymetrix GeneChip™ expression 
arrays, Lockhart, Nature Biotechnology 14:1675-1680 (1996), hereby expressly incorporated by 
reference. Other techniques include, but are not limited to, quantitative reverse transcriptase PCR, 
Northern analysis and RNase protection. 

25 As will be appreciated by those in the art, this may be done by evaluation at either the gene transcript, 
or the protein level; that is, the amount of gene expression may be monitored using nucleic acid 
probes to the DNA or RNA equivalent of the gene transcript, and the quantification of gene expression 
levels, or, alternatively, the final gene product itself (protein) can be monitored, for example through 
the use of antibodies to the Apop protein and standard immunoassays (ELISAs, etc.) or other 

30 techniques, including mass spectroscopy assays, 2D gel electrophoresis assays, etc. 

In another method detection of the mRNA is performed in situ. In this method permeabilized cells or 
tissue samples are contacted with a detectably labeled nucleic acid probe for sufficient time to allow 
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the probe to hybridize with the target mRNA. Following washing to remove the non-specifically bound 
probe, the label is detected. For example a digoxygenin labeled riboprobe (RNA probe) that is 
complementary to the mRNA encoding an Apop protein is detected by binding the digoxygenin with an 
anti-digoxygenin secondary antibody and developed with nitro blue tetrazolium and 
5-bromo-4-chloro-3-indoyl phosphate. 

In another preferred method, expression of Apop proteins is performed using in situ imaging 
techniques employing antibodies to Apop proteins. In this method cells are contacted with from one to 
many antibodies to the Apop protein(s). Following washing to remove non-specific antibody binding, 
the presence of the antibody or antibodies is detected. In one embodiment the antibody is detected by 
incubating with a secondary antibody that contains a detectable label. In another method the primary 
antibody to the Apop protein(s) contains a detectable label. In another preferred embodiment each 
one of multiple primary antibodies contains a distinct and detectable label. This method finds 
particular use in simultaneous screening for a pluralilty of Apop proteins. The label may be detected in 
a fluorometer which has the ability to detect and distinguish emissions of different wavelengths. In 
addition, a fluorescence activated cell sorter (FACS) can be used in this method. As will be 
appreciated by one of ordinary skill in the art, numerous other histological imaging techniques are 
useful in the invention and the antibodies can be used in ELISA, immunoblotting (Western blotting), 
immunoprecipitation, BIACORE technology, and the like. 

In one embodiment, a therapeutically effective dose of an Apop is administered to a patient. By 
"therapeutically effective dose" herein is meant a dose that produces the effects for which it is 
administered. The exact dose will depend on the purpose of the treatment, and will be ascertainable 
by one skilled in the art using known techniques. As is known in the art, adjustments for Apop 
degradation, systemic versus localized delivery, and rate of new protease synthesis, as well as the 
age, body weight, general health, sex, diet, time of administration, drug interaction and the severity of 
the condition may be necessary, and will be ascertainable with routine experimentation by those 
skilled in the art. 

A "patient" for the purposes of the present invention includes both humans and other animals, 
particularly mammals, and organisms. Thus the methods are applicable to both human therapy and 
veterinary applications. In the preferred embodiment the patient is a mammal, and in the most 
preferred embodiment the patient is human. 

The administration of the Apop proteins of the present invention can be done in a variety of ways, 
including, but not limited to, orally, subcutaneously, intravenously, intranasally, transdermal^, 
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intraperitoneally, intramuscularly, intrapulmonary, vaginally, rectally, or intraocularly. In some 
instances, for example, in the treatment of wounds and inflammation, the Apop may be directly applied 
as a solution or spray. 

The pharmaceutical compositions of the present invention comprise an Apop protein in a form suitable 
for administration to a patient. In the preferred embodiment, the pharmaceutical compositions are in a 
water soluble form, such as being present as pharmaceutical^ acceptable salts, which is meant to 
include both acid and base addition salts. "Pharmaceutically acceptable acid addition salt" refers to 
those salts that retain the biological effectiveness of the free bases and that are not biologically or 
otherwise undesirable, formed with inorganic acids such as hydrochloric acid, hydrobromic acid, 
sulfuric acid, nitric acid, phosphoric acid and the like, and organic acids such as acetic acid, propionic 
acid, glycolic acid, pyruvic acid, oxalic acid, maieic acid, malonic acid, succinic acid, fumaric acid, 
tartaric acid, citric acid, benzoic acid, cinnamic acid, mandelic acid, methanesulfonic acid, 
ethanesulfonic acid, p-toluenesulfonic acid, salicylic acid and the like. "Pharmaceutically acceptable 
base addition salts" include those derived from inorganic bases such as sodium, potassium, lithium, 
ammonium, calcium, magnesium, iron, zinc, copper, manganese, aluminum salts and the like. 
Particularly preferred are the ammonium, potassium, sodium, calcium, and magnesium salts. Salts 
derived from pharmaceutically acceptable organic non-toxic bases include salts of primary, secondary, 
and tertiary amines, substituted amines including naturally occurring substituted amines, cyclic amines 
and basic ion exchange resins, such as isopropylamine, trimethylamine, diethylamine, triethylamine, 
tripropylamine, and ethanolamine. 

The pharmaceutical compositions may also include one or more of the following: carrier proteins such 
as serum albumin; buffers; fillers such as microcrystalline cellulose, lactose, corn and other starches; 
binding agents; sweeteners and other flavoring agents; coloring agents; and polyethylene glycol. 
Additives are well known in the art, and are used in a variety of formulations. 

Fn anotRgrppoferred embodiment, antisense RNAs and DNAsj^Qbe used as therapeutic agents for 
blocking the expression of Apop genes in vivo. The term^ntisenseNierein means that the nucleic 

id sequence of the antisense RNA or DNA comprises the reverse complement sequence of the 
mRNA to which it can bind^ 5 €i^example, if the mR^A, whose expression (i.e., translation into a 
protein) is to be blocked, compris^^he nucleic aora sequence 5'-GGAAUUGGAGC-3\ then the 
antisense RNA comprises the nucleica£l^§eqdence of 5-GCUCCAA11UCC-3' and the antisense DNA 
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An Apop antisense molecule as defined herein is a nucleic acid molecule which exhibits at least 75%, 
more preferably at least 80%, even more preferably at least 90%, and most preferably more than at 
least 95% reverse-complement identity to its target sequence. In one embodiment herein, an Apop 
antisense molecule exhibits 100% reverse-complement identity to its target sequence. As known in the 
5 art, the antisense nucleic acid can comprise nucleotide homologues, such as inosine, etc. 

An Apop antisense molecule as defined herein is a nucleic acid molecule which inhibits expression or 
translation of an Apop nucleic acid by at least 30%, preferably by at least 40%, more preferably by at 
least 50%, even more preferably by at least 70%, and most preferably by at least 90%. In one 
embodiment herein, an Apop antisense molecule inhibits expression or translation of mRNA encoding 
10 Apop 100%. 

S Generally, the Apop antisense molecule is at least about 10 nucleotides in length, more preferably at 

^ least 12, and most preferably at least 15 nucleotides in length. The skilled artisan understands that 

y the length can extend from 10 nucleotides or more to any length which does not inhibit binding to the 

p Apop nucleic acid. In a preferred embodiment herein, the length is about 100 nucleotides long, more 

preferably about 50 nucleotides, more preferably about 25 nucleotides, and most preferably about 12 

to 25 nucleotides in length. 

3 It has already been shown that short antisense oligonucleotides can be imported into cells where they 

D act as inhibitors, despite their low intracellular concentrations caused by their restricted uptake by the 
17 cell membrane [Zamecnik et aL, Proc. Natl. Acad. Sci. U.S.A. 83:4143-4146 (1986)]. The 

20 oligonucleotides can be modified to enhance their uptake, e.g. by substituting their negatively charged 
phosphodiester groups by uncharged groups. There are a variety of techniques available for 
introducing nucleic acids into viable cells. The techniques vary depending upon whether the nucleic 
acid is transferred into cultured cells in vitro, or in vivo in the cells of the intended host. Techniques 
suitable for the transfer of nucleic acid into mammalian cells in vitro include the use of liposomes, 
25 electroporation, microinjection, cell fusion, DEAE-dextran, the calcium phosphate precipitation method, 
etc. The currently preferred in vivo gene transfer techniques include transfection with viral (typically 
retroviral) vectors and viral coat protein-liposome mediated transfection [Dzau et al., Trends in 
Biotechnology 11:205-210 (1993)]. In some situations it is desirable to provide the nucleic acid source 
with an agent that targets the target cells, such as an antibody specific for a cell surface membrane 
30 protein or the target cell, a ligand for a receptor on the target cell, etc. Where liposomes are 

employed, proteins which bind to a cell surface membrane protein associated with endocytosis may be 
used for targeting and/or to facilitate uptake, e.g. capsid proteins or fragments thereof tropic for a 
particular cell type, antibodies for proteins which undergo internalization in cycling, proteins that target 
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intracellular localization and enhance intracellular half-life. The technique of receptor-mediated 
endocytosis is described, for example, by Wu et al., J. Biol. Chem. 262:4429-4432 (1987); and 
Wagner et al., Proc. Natl. Acad. Sci. U.S.A. 87:3410-3414 (1990). For review of gene marking and 
gene therapy protocols see Anderson et al., Science 256:808-813 (1992). 

In a preferred embodiment, the Apop proteins of the present inventions are used as "bait proteins" in a 
yeast two-hybrid screening or in a mammalian two-hybrid screening (Luo et al., Biotechniques 22:350- 
352 (1997) and US application SN 09/050,863, both of which are expressly incorporated as references 
in their entirety) to isolate novel proteins interacting with the Apop proteins. 

The following examples serve to more fully describe the manner of using the above-described 
invention, as well as to set forth the best modes contemplated for carrying out various aspects of the 
invention. It is understood that these examples in no way serve to limit the true scope of this 
invention, but rather are presented for illustrative purposes. All references cited herein are 
incorporated by reference in their entirety. 



(1996)] and compters formed by the interactions beftwe^n RIP kinase, TRADD, FADD, and RAIDD 
recruit other proteins to TNFR1 or Fas receptors to initiate sftjqaling [Stanger et al., Cell 81:513-523 
(1995); Hsu et al., lmmunit) s ^:387-396 (1996); Tartaglia et al., C^74:845-853 (1993); Darnay et al., 
J. Leukoc. Biol. 61:559-566 (^997); Ashkenazi and Dixit, Sciencte 281:1305-1308 (1998)]. We 
established a large-scale yeast two^hybrid screening system designed tousolate rare mRNAs and verify 
novel protein-protein interactions involved in the TNF signaling pathway. Usung RIP as bait, we screened 
96 million independent yeast transforrtaants with a combined Hela/Lymphofyte cDNA library in a single 
transformation round. As expected, many of the known RIP binding proteins\including TRAF1 , TRAF2, 
TNFR1, RIP, TRADD, and FADD, were Moned; several novel genes were isbiated as well. One of the 
novel cDNAs had high sequence homology with RIP. The full-length cDNA (^Figure 5) contains a 518 
amino acid open reading frame, encoding a* protein designated Apop3. Analysis of the amino acid 
sequence of this novel protein (Figure 6) revealed a kinase domain (aa 21v287) which had 47% 
homology to the kinase domain of RIP and 42% v homology to thatof^RtPS/RickAiARDIAK. However, 
outside the kinase domain, the C-terminal region of A^o^3 had no homology to deau^domains [Tartaglia 
et al., Cell 74:845-853 (1993)], death effector domains [S^y^eatTJ. Cell. Bi0t^144;^^-1253 (1998)], 
or the CARD region [Hofmann et al., Trends Bipeh£nrSci. 22:155^R6^9§^]r^n approximately 2.1 



EXAMPLE 1 



Isolation and sequence analysis of Apop3 




NFcc signalingproEirrs-havabeen shown to bind RIP [Hsu et al., Immunity 4:387-396 
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b transcript was det^ctedwith j rcDN^prdbe specific to Apop3 in both normal human tissue and human 




tumor RNA blots (data not shewn). 




EXAMPLE 2 

Co-immunoprecipitation with Apoo3 and other members of TNFa signaling complex 

We confirmed the association of Apop3 and other members of TNFa signaling complex in mammalian 
cells by co-immunoprecipitation. To further analyze which region of Apop3 was important for interactions 
with RIP, a series of deletion mutants were engineered (Figure 7). In yeast, the intermediate region 
(aa 82-436) of Apop3 was required for the interaction between RIP and Apop3 (Figure 8). Co- 
immunoprecipitation analysis was performed to verify the interaction of RIP with Apop3 by co-transfection 
of HA-tagged RIP with the Flag-tagged full length and truncated mutants of Apop3 in Phoenix-A (293 
T) cells. In this example, cell lysates were collected from Phoenix-A cells 24 hours after the co- 
transfection of HA-RIP (5 \ig) with a Flag-control protein or with one of the Flag-Apop3 proteins, 
schematically depicted in Figure 7 (5 pg). Co-precipitated Flag-Apop3 proteins were detected by 
immunoblotting with anti-Flag polyclonal Ab. The full length Apop3 co-immunoprecipitated with RIP, 
as well as Apop3(82-51 8) and Apop3(K50D) mutants (data not shown). Interestingly, the Apop3(1 -436) 
mutant has dramatically reduced binding affinity for RIP. No association was detected between RIP 
and Apop3(1-251), Apop3(1-196), or Apop3(287-51 8). This suggests that the interaction between Apop3 
and RIP is mediated by a portion of the kinase domain with contribution from the carboxyl-domain of 
Apop3. 

EXAMPLE 3 / 
Apoo3 binds to endogenous RIP 

To test whether Apop3 was able to bind to endogenous RIP, Flag-Apop3 was transfected into Phoenix-A 
(293 T) ceils in the presence and absence of TNFa stimulation. In this example, 293 T cells were 
transfected with Flag-control protein, and Flag-Apop3 (10 pg). After 18 hours incubation, cells were 
treated with or without 20 ng/ml huTNFa for 6 hours. The cell extracts were harvested 24 hours after 
transfection. The immunoprecipitated proteins were immunoblotted with goat anti-RIP polyclonal Ab. 
Ectopically expressed Apop3 was able to bind to endogenous RIP kinase (data not shown). TNFa 
treatment did not significantly affect this binding (data not shown). 



EXAMPLE 4 
Endogenous Apop3 binds to TRAF2 and TNFR1 
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in addition, endogenous TNFR1 was co-immunoprecipitated with ectopically expressed Apop3 and 
endogenous Apop3 was co-immunoprecipitated with ectopically expressed TRAF2 (data not shown). 
Interaction between TRAF2 and Apop3 was also verified by the yeast two-hybrid system (data not 
shown). This suggests that Apop3 is part of the TNFR1 signaling complex. In this example, Flag-tagged 
5 TRAF2 expression vector was transfected into cells. Association with endogenous Apop3 was detected 
by anti-Apop3 Ab. Further, Flag-tagged Apop3 was transfected into cells ans association with 
endogenous TNFR1 was detected by anti-TNFR1 Ab (data not shown) 

EXAMPLE 5 
Demonstration of APOP3 kinase activity 

JdP Apop3 contains consensus Ser/Thr kinase motifs. The lysine 50 of the Apop3 kinase domain, 
dg homologous to the conserved lysine in RIP and critical for enzymatic activity and ATP-binding [McCarthy 

et al., J. Biol. Chem. 273:16968-16975 (1998); Inohara et al. t J. Bio. Chem. 273: 12296-12300 (1998)], 
ry was substituted with aspartic acid. An in vitro kinase assay demonstrated that Apop3 was a kinase 
=F and was autophosphorylated (data not shown). However, the Apop3(K50D) mutant lost the kinase 
R activity (data not shown), suggesting that this lysine is required for autophosphorylation. In this example, 

Phoenix-A cells were transfected with 10 pg of a Flag-vector, Flag-Apop3 and Flag-Apop3(K50D), 
ff respectively. The lysates were immunobiotted with anti-Flag mAb to adjust protein amount for IP. 

£ EXAMPLE 6 

§!I Induction of cell death by Adop3 

20 To test whether Apop3 was able to induce cell death, Phoenix-A cells were co-transfected with a 
eukaryotic expression vector encoding Apop3 and a pGDB control for transfection efficiency [Xu et 
al., Nucl. Acids Res. 26:2034-2035 (1998)]. The GFP-positive Apop3-transfected cells displayed 
morphological characteristics of apoptosis, including detachment from the plate substrate and resultant 
"rounding up" and a condensed/fragmented nucleus [Cryns et al., Cell 82:349-352 (1995)] (data not 

25 shown). The C-terminal deletion mutant, Apop3(1-436), failed to induce apoptosis. Apop3-induced 
apoptosis was also observed in Hela cells (data not shown). Figure 9 shows approximately 35% cell 
death in the Apop3 transfected Phoenix-A cells, compared with only 2% apoptosis in cells transfected 
with control vector. Similar to RIP [Hsu et al., Immunity 4:387-396 (1996)] and RIP2/Rick/CARDIAK 
kinase deletions [McCarthy et aL, J. Biol. Chem. 273:16968-16975 (1998)], the deletion of the Apop3 

30 kinase domain had no effect on its pro-apoptotic activity (data not shown), which suggested the kinase 
domain was not required for Apop3-mediated cell death. 



EXAMPLE 7 
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Activation of cellular caspases bv Apop3 



NFa and P&g ligand induced apoptosis is controlled by caspase aofivatidh^Martin and Green, Cell 
82:349-352 (19^)]. Rick/RIP2/CARDIAK kinase has also been rep< rted to indues apoptosis through 
enhancement of caspase activity [Inohara et al., J. Bio. Chem. 273: 12296-12300^(1998)]. To test 
whether Apop3 activates cellular caspases, pYCI-Apop3 (data not shown) was co-trtansfected into 
Phoenix-A cells with pGQB. In this example, 2 x 1 0 6 Phoenix-A cells w< ire co-transfected v rith expression 
ctors encoding Apop3 and Apop3 mutants, such as depicted in Fi jure 7 (10 pg) witn pGDB (3pg). 
Lysates were analyzed by Western blot probed with anti-GFP monoclonal antibodies. Caspase cleavage 
released the monomeric GFP>as indicated by the arrow. pGDB expresses a previously described BFP- 
GFP hybrid protein linked by a DEVD containing peptide ('GFP'-ffiSGSGSDEVDGGSGSGS-'BFP', 
wherein the caspase cleavage site is in between V and D) used as a reporter of intracellular caspase 
activity [Xu et al., Nucl. Acids Re4. 26:2034-2035 (1998)]. Whenydaspases 2, 3, or 7 are activated, they 
specifically cleave appropriately accessible substrates at the DBvD peptide [Cryns et al.jcell 82:349-352 
(1995)] and release GFP/BFP momomers. Western blot analysis using anti-GFP moniclonal antibody 
indicated that ectopic expression of Apop3 activated caspases to cleave the DEVDwinkfer peptide, 
releasing GFP/BFP monomer (dataViot shown). A brefad-spectrum inhibitor of caspases, zVAD-fmk 
[Zhu et al., FEBS Lett. 374:303-308 (1995)], inhibitejktoe caspase activity triggered by Apop3 expression 
(data not shown). This result confirmed that th^xleavage of the chimeric protein was due to caspase 
activation (data not shown). Apop3-indu^d^poptosis could also be inhibited by CrmA (dala not shown). 
N-terminal deletion mutants Apop3(82-^m Apop3(287-518) and Apop3(K50D) were still a Die to activate 
the caspase activity (data not shoyrtT). Deration of the C-terminal region of Apop3, Apop3(1-251) and 
Apop3(1 -436), completely abrogated caspase activation (data not shown). These results ndicate again 
that Apop3's kinase activihns not required for activation of caspases and cell death/ Since the C- 
terminal domain (aa 437-5H8) of Apop3 is not required for the binding of Apop3 to RIP.ythis region may 
be involved in binding to/other proteins involved tfvnovel signaling pathway(s) leading to apoptosis. 
It is not known whether me C-terminal region of ApopS is able to bind directly to kncfwn death adaptor 
or death protease. Additional two-hybrid screening ush^g Apop3 as bait is bejrig carried out to find 
signaling proteins downstream of Apop3. 



EXAMPLE 8 
Induction of activation of NFkB bv Apod3 



We also tested whether Apop3 could induce NFkB activation. Phoenix-A cells were harvested for a 
luciferase reporter assay 24 hours after co-transfection with an NFKB-dependent luciferase reporter 
construct and an Apop3 expression vector (pYCI-Apop3; data not shown). Ectopic expression of Apop3 
alone induced NFkB activation approximately 7 fold (Figure 10 and data not shown). The NFkB activation 
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could be inhibited by co-transfection of a IkB dominant negative mutant (data not shown). The C-terminal 
region was essential for NFkB activation, as Apop3(1-251) and Apop3( 1-436) were not able to activate 
NFkB (Figure 10). Interestingly, Apop3(K50D) ( Apop3(82-518), and Apop3(287-518) induced higher 
luciferase activity than full length Apop3 (Figure 10). This suggests that the kinase domain of Apop3 
is not required for the NFkB activation. In contrast, Apop3 had no noticeable effect on AP-1 activation 
pathways (data not shown). 

EXAMPLE 9 

Overexpression of Apop3 inhibits TNFa-induced caspase activation but not TNFa-induced NFkB 

activation 

Although Apop3 associates with RIP and TRAF2 and activates apoptosis and NFkB, its function in 
the TNFa signaling pathway needs to be dissected. In this example, Phoenix-A (293 T) cells were 
co-transfected with expression vectors encoding Apop3 and Apop3 mutants, such as depicted in Figure 
7 (3pg) with pGDB (0.3 pg) and RIP (0.1 pg). After 24 hours of transfection, cell lysates were harvested 
and analyzed by Western blot analysis with anti-GFP monoclonal antibodies. In these experiments, 
Apop3(1^36) inhibited TNFa-induced caspase activation (data not shown) but not TNFa-induced NFkB 
activation (data not shown), suggesting that Apop3 is involved in the TNFa-mediated apoptosis pathway. 
These results imply that without the C-terminal domain (aa 437-518), Apop3 either competes with or 
fails to recruit other proteins of the TNF signaling of a complex required for the activation of caspases. 
In separate experiments, Apop3(1-436) was able to down-regulate RIP-mediated apoptosis activation 
(data not shown). Co-transfection of full length of Apop3 (3 pg) with RIP (0.1 pg) resulted in greater 
caspase activity than with RIP alone (data not shown). However, Apop3( 1-436) significantly reduced 
RIP-induced caspase activity (data not shown). On the other hand, although Apop3 atone was able 
to activate NFkB, co-transfection of RIP (0.3 pg) and full length Apop3 (3 pg) in Phoenix cells did not 
show any synergistic effect on NFkB activation (data not shown). When Apop3(1-436) was co- 
transfected with RIP, it only slightly reduced RIP-mediated NFkB activation (data not shown). Another 
Apop3 mutant (aa 287-518) was still able to activate caspase and NFkB, even though it did not bind 
to RIP (data not shown). 

In summary, we demonstrated that Apop3 is a novel kinase associated with the TNFa signaling complex. 
Apop3 binds to RIP and TRAF2 in both yeast and mammalian cells and co-immunoprecipitates with 
TNFR1. Although RIP is a essential player in TNFa induced NFkB activation [Kelliher et al,. Immunity 
8:297-303 (1998)] and Apop3 was cloned by binding to RIP, the function of Apop3 may not rely solely 
on its binding to RIP. A dominant negative form of Apop3 is able to inhibit TNFa-induced caspase 
activation without affecting TNFa-induced NFkB activation, suggesting that Apop3 may be involved 
in TNFa-induced apoptosis. It is possible that Apop3 and RIP are therefore involved in two different 
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areas of TNFa signaling; apoptosis and NFkB activation, respectively. The precise role of Apop3 in 
TNFcc signaling may be answered by future knock-out experiments. 

EXAMPLE 10 

The veast two-hvbrid screening method: Plasmids. cDNA libraries, veast strains, growth media 

and retrieval of plasmids 

Unknown proteins interacting with a known "Bait" protein can be identified using the yeast two-hybrid 
screening method. In this method, a known "Bait" protein (such as XIAP or RIP) is encoded on a "bait 
vector" and a protein (the "Test" protein) which may bind to the "Bait" protein is usually encoded on 
a "test" vector or "test" plasmid. The method comprises the following steps: (1) transforming yeast 
with a "bait" vector and a "test" vector (usually a library); (2) detecting an interaction between the bait 
protein and a test protein (usually by expression of a reporter gene such as lacZ); (3) growing the 
identified yeast colony; (4) isolating the "test" vector, (5) transforming the "test" vector into E.coli; and 
(6) using standard techniques to further characterize the "test" vector and the encoded "test 1 protein. 

Plasmids and cDNA Libraries: The pAS2 and pACT2 piasmid series were originally constructed by 
Elledge and co-workers [Durfee et al., Genes Dev. 4:555-69 (1993)]. The bait vector used in our 
screening is either pAS2 or pAS2K. pAS2K was constructed by replacing the Amp R gene in pAS2 
with a Kan R gene. cDNA libraries used in our screening were made, e.g., either from brain tissues 
or T and B lymphocytes. 

The yeast two-hybrid system reporter strain Y1 90 (MATa, ura3-52, his3-200, Iys2-801, ade2-101, trpl- 
901, ieu2-3, 112, gal4D, gal80D, cyhr2, LYS2::GAL1UAS-HIS3TATA-HIS3, URA3::GAL1UAS- 
GAL1TATA-lacZ) was used in all screeings. 

All yeast culture mediums, including, e.g., YPD, YPD Agar, DOB, DOBA, CSM-TRP, CSM-LEU, CSM- 
HIS, CSM-URA, CSM-LYS, CSM-LEU-TRP, CSM-LEU-HIS, and CSM-LEU-TRP-HIS, are available 
from Bio101 , Inc. 3AT (3-amino-1 ,2,4-triazol) is available from Sigma (Cat# A-8056, St. Louis, MO, 
USA). 

There are several methods to retrieve plasmids from yeast, ranging from lyticase lysis to glass beads. 
The glass beads method is listed below: 

1 . Inoculate 3 ml of selection medium (e.g., SD-L for cDNA library plasmid pACT) with a yeast 
colony. 

2. Incubate in a 30°C shaker or rotator overnight or until confluent. 

3. Spin down yeast in a bench-top centrifuge at 3000 rpm at room temperature. 
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4. 


Remove medium and re-suspend pellet in 200 pi lysis buffer. Transfer to an eppendorf tube. 


5. 


Add 200 pi volume glass beads. 


6. 


Add 200 pi phenol/chloroform/isoamyl alcohol (25:24:1). 


7. 


Vortex at the highest speed for 3 minutes. 


8. 


Spin in micro-centrifuge at 14000 rpm for 10 minutes. 


9. 


Transfer top water layer to another eppendor tube, add 20 pi 3M NaAc and 500 pi ethanol. 


10. 


Put the eppendorf tube into a dry ice bath for 15 minutes or until frozen. 


11. 


Spin in a micro-centrifuge 14000 rpm for 10 minutes. 


12. 


Remove supernatant and dry pellet. 


13. 


Wash pellet by 100 pi of 80% ethanol, and dry the pellet in air. 


14. 


Re-suspend pellet in 30 pi H 2 0 and use 1pl for electroportion to transform E. coli 



Electroporation method is by far the most efficient method to transform plasmids from yeast miniprep 
into £. coll Bait and cDNA (test) plasmids may carry different antibiotic selection markers to facilitate 
separation in £ coli. For example, our bait plasmid carries a Kan R gene and the cDNA (test) plasmid 
carries an Amp R gene. 



